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Coirpounds for modulating cell negative regulations and 
10 biological applications thereof. 

The invention relates to comppunds capable of modiilatiag 
cell negative regulations- It also relates to the 
biological applications of said compounds. Cell negative 
15 . regulations dysfunctions can lead to diseases such as 
allergic, inflammatory or cytotoxi city-related diseases. 

Cytotoxicity is a major strcitegy used by the immune system 
to eliminate cellular antigens such as virus -infected cells 
20 and tumor cells. 

NK (Natural Killer cells) cells are spcntaneous ly cytotoxic 
lymphocytes, capable of recognising antigens expressed by 
tumoral cells. 

25 

NK cells are also involved in autoimmune/ 
immuncproliferati ve and immunodeficiency diseases. 

NK cells can induce the lysis of target cells by two 
30 mechanisms. Antibody-dependent cell cytotoxicity (ADCC) 
leads to the lysis of antibody-coated target cells y whereas 
natural cytotoxicity leads to the antibody-independent 
lysis of a variety of cell targets, including primarily 
vi rus -infected cells and tumor cells. 

35 
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^3K cells represent a peculiar class of lymphocytes which 
cannot rearrange antigen receptor gene segments. NK cells 
are however capable of recognizing and inducing the lysis 
of deleterious cells, and primarily in vitro turaor cells as 
well as virus -infected cells. 

A major mechanism which controls NK cell cytotoxic function 
is initiated by the recognition of MHC Class I molecules 
expressed at the surlface of target cells. NK cells express 
several cell surface receptors for MHC Class I molecules/ 
i.e. the so called KIR (Xiller-cell Inhibitory Receptors)- 

In contrast to the T cell receptor complex (CD3/TCR)/ KIR 
are characterized (i) by their ability to interact with a 
large panel of MHC Class I allele products (promiscuous 
recognition), and (ii) by their ability to transduce a 
negative signal which leads to the inhibition of both 
natural cytotoxicity and ADCC programs- 

KIR are not NK cell -restricted since they are also 
expressed on T cell subsets and can inhibit T cell 
activation triggered via the CD37TCR complexes. 

Human and mouse KIR (MHC Class I inhibitory receptors) 
belong to two distinct families: immunoglobulin superfamily 

(IgSF) and C2 lectins. Lectin-lilce KIR are receptors for 
MHC Class I molecules and also for catrbohydrates. 
In particular, human KIR IgSF include CD153 (p58), Cdwl59 

(p70; and Cdwieo IplAO) molecules whereas human KIR C2 
lectin include, the CD94-NKG2A/ B heterodimer* 

KIR are therefore all expressed on NK cells but none of 
them are NK- restricted. They can therefore not only be 
involved in autoimmune but also in inflammatory diseases 
and immunoproliferative and immunodeficiency diseases > 
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Pesearch relating to cell regulation has up to now focused 
on cell receptors for Fc (immunoglobulin constant 
fragments) such as FcyRIIB^ and on antigen-specific 
receptors of T and B ceils. 

5 

The balance between receptor-mediated activation and 
inactivation is central to in vivo homeostasis. 

The cell surface receptors initiating. NK ceil activatory 
10 pathways comprise: 

i- the ADCC receptor complex, including FcyRIIIA 
" {CD16,. which is the only Fc receptor ' expressed on NK 
cells), KAR (Killer cell Activatory Feceptor) and a variety 

15 of disulfide-iinked hetero- and homodimers associated with 
CD16. The engagement of the ADCC receptor initiates a 
series of ITAM-dependent (Immune receptor Tyros ine-based 
Activation Motifs) signaling pathways, leading to the 
release of intracytoplasitdc NK granules as well as the 

20 transcription of a set of genes encoding surface activation 
molecules (e.g. CD69^ CD25) and cytokines (e.g. a-IFN), 

ii. the NK receptors mediating activatory signals for 
the initiation of natural cytotoxicity programs, such as 
25 NKRP-1 proteins, 

ill. Lag 3, a molecule expressed on activated T and NK 
cells which is homoiogotis to CD4. 

30 iv, adhesion molecules, such as the feta-2 integrin 

expressed on NK cells or DNM^-l expressed in most T and NK 
lymphocytes and on a subpopulation of B lymphocytes . 
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From the prior art teachincg/ four mechanisms can be 
essentially considered as modulating cell activation. These 
mechanisms could lead to 

- a direct interference with the ligand-activatory 
receptor binding, events, such has been observed in cytokine 
biology with the interleuJcin-l receptor antagonist, 

- a down- regulation of the activatory receptor 
meiabrane expression^ such has been observed with the 
epidermal growth factor receptor^ 

- an interference with the effector function coupled 
to the activation receptor^ i.e, an interference with the 
transcription of the set of genes induced by the activation 
cascade^ such has been observed with the glucocorticoids^ 
or 

- an interference with the early signaling pathway 
coupled to the activation receptor, such has been observed 
with the hete rot rime ric G-orotein or with the receptors 
coupled to ?TK activation. 

The present invention herein demonstrates that a KIR, i.e. 
a SHP-l/SHP-2 recruiting ITIM-bearing . receptor,, 
necessarily require co-aggregation with activatory 
receptors to exert their inhibitory functions on said 
activatory receptors. 

The present invention also demonstrates that KIR^ normally 
expressed on NK or T cells / can function in non-lymphoid 
cells, and that KIR can thereby inhibit the activation of 
receptors involved in inflammatory and allergic^ responses. 

The present invention therefore surprisingly demonstrates 
that a KIR is capable of modulating the activation of ITAM- 
bearing receptors. 
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The presenr invention also gives the first report of the 
obtention of a specific anti-ITIM (Immuno receptor Tyrosine- 
based Inhibition Motif) . compound. 

The present invention further demonstrates that the KIR 
family exerts regulatory functions and uses strategies to 
mediate its inhibitrory functions distinct and divergent 
from those exerted and used by other members of the ITIM- 
beaiing receptor family. 

The present invention in particular gives the first 
demons t ration that in contrast to other ITIM-bearing 
receptors, a KIR, which ^is an ITIM-bearing receptor that 
does not recruit SHI? but that does recruit SKP-1 and/or 
SHP-2, is capable of inhibiting the release of Ca^* from 
intracellular stores upon co^aggregation with an ITAW- 
bearing receptor. 

It also gives the first demonstration that in contrast to 
other ITIM-bearing receptors, the co-aggregation of a KIR 
and of an ITAM-bearing receptor greatly enhances the 
tyrosine phosphorylation of KIR ITIIlS/ but that it is not 
mandatory to KIR phosphorylation. 

The present invention also gives for the first time the 
demonstration that e KIR, and a human KIR in particular, in 
vivo control the host tolerance to allogeneic grafts such 
as bone marrow or skin grafts- 

One aspect of the invention accordingly relates to a 
compound capable of cross-linking a stimulatory receptor 
with a KIR 

In many embodiments/ it will be desirable to provide a 
compound capable of specifically regulating the activation 
of a KIR and/or capable of regulating the activation of a 
stimulatory receptor. 
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said stirauiatpry receptor is particularly an ITAM-^bearing 
receptor such as KAR# FcsRI/ CD3/TCiV CD16, any receptor 
related to tyrosine kinase activities, such as a growth 
factor receptor, or a receptor sub-unit such as CD3C/ CD3e^ 
5 CD3T, CD38 or FceRIy. 

Said KIR is an IgSF member, such as CD158 (p58), CDwl59 
(p70), CPwl6C (pl40) , or is lectin-like, . such as the 
CD94/NKG2A heterodime.r. Said KIR is advantageously a human 
10 KIB. 

Said KIR may be expressed on a NK, a T or a mast cell or on 
a monocyte or is recombinant ly express ed- 

15- The compound of the invention is further characterized in 
that it is capable of inducing the regulation of free 
calcium concentration in a cell. Said compound is most 
preferably capable of inducing the regulation of calcium 
influx into a cell and/or of calcium mobilization from. 

20 intracellular compartments. 

Said compound is further characterized in that it is 
capable of inducing the recrtiitment by said KIR of SH2- 
domain containing protein tyrosine phosphatases, and 
25 particularly of a phosphatase selected' from the group 
cansiscing of SKP-1, SHP-'2. 

In preferred embodiments, said compound is essentially a 
polypeptide, a glycoprotein or a carbohydrate. 

30 

In other preferred embodiments^ said compound is a 
bispecific reagent and/or a chexuical inducer of 
dimerization. It may be produced by chemical synthesis or 
by genetic engineering. 
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In yet other preferred embpcii merits ^ said compound is a 
bispecific antibody. For example, said compound may 
comprise at least one Fab, Fd, Fv, dAb, CDK F{ab' )z , VH. 
VL, ScFv fragment- 

5 

In most preferred embodiments, said compound is capable of 
cross linking said KIR with said stimulatory receptor in 
the extracellular domain of a cell. Said compound can 
advantageously cross -liiik a stimulatory receptor with any 
10 KIR that is Ig-like or with any KIR that is lectin-like. 

In other most preferred embodiments, said compound is 
capable of crossing through a lipid bi-layer. For example, 
it may be liposoluble and/or associated with a drug- 
IS delivery system. 

In yet other most preferred embodiments/ said compound is 
capable of cross-linking said KIR with said stimulatory 
receptor in the intracellular domain of a cell. Said 
20 compound can advantageously cross -link, a stimulatory 
receptor with definite KIR (Ig^like or lectin-iike) or 
indiscriminately with any KIR (Ig-like and lectin-like) . 
Said compound may be advantageously associated with a drug- 
delivery system. 

25 

In certain preferred einbodiments / said compound is capable 
of modulating the- release of sero'tonin and/or of 
inflammatory mediators by a cell expressing FceSI, such as 
a mast cell, and/or of modulating cytokine release 

30 (Interleuktn-6, Tumor Necrosis Factor Alpha release) from a 
cell, such as a mast cell or a NK cell, and/or of 
modulating interleukin production such as the IL-2 
production and/or the y-interferon production from a 
peripheral blood cell and/or of modulating the 

35 proliferation of peripheral blood cells. 
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In another most preferred embodiment, said compound is 
capable of controling the host tolerance to allogeneic 
grafts such as bone marrow grafts or skin grafts and/or the 
graft toxicity against host tissues (Graft Versus Host) 
against host tissues. Such a compound is thus capable of 
preventing the development of an immune response mounted 
against the cells of the host, or against the cells of the 
grafc- 

Another aspect of the invention provides a nucleic acid 
coding for a polypeptide according to the invention and a 
cell tiansf acted by said nucleic acid. 

In still another . aspect/ the invention relates to a 
pharmaceutically acceptable preparation comprising a 
theraoeutically-eff ecti ve amount of at least one compound 
of the invention. Such a pharmaceutical preparation is 
useful for modulating an animal cell function involved in a 
disease selected from the group consisting of 
immunopro life rati ve; diseases, immunodeficiency diseases, 
cancers, autoimmune diseases, infectious diseases, viral 
diseases, inf lamjaatory responses, allergic responses or 
involved in organ transplant tolerance. 

The pharmaceutical preparation of the . invention may be 
formulated in solid or liquid form or in suspension for 
oral administration, parenteral administration, topical, 
intravaginai or intrarectal application, or for nasal 
and/or oral inhalation. 

The present invention also makes available- a method for the 
in vitro or ex vivo diagnosis of a cell dis regulation, 
comprising the step of estimating of the relative 
proportion of co-aggregated KIR vs. non-co-aggregated KIR 
by. 
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- contacting a biological samiple with a compound/ or 
with a nucleic acid/ or a cell according to the invention/ 
and 

- of rsvealing the reaction product possibly formed^ 

Estimating the relative proportion of co-aggregated KIR vs 
non-co-aggtegat.ed KIR is particularly useful for the 
precise diagnosis of diseases where cell dis regulation is 
involved, such as i inraunop roll fe rati ve diseases, 
inununodeficiency diseases, cancers, autoimmune diseases, 
infectious diseases, viral diseases/ inflammatory 
responses, allergic responses and for the choice of the 
appropriate treatment. 

Other aspects and embodiments of. the present invention will 
become obvious to one of ordinary skill in the art after 
consideration of the drawing and examples provided below. 
What follows should not be interpreted as lixaiting the 
invention in any way. 

Seventeen figures are mentioned: 

^ figure 1 illustrates the recons ti tution of wild-type and 
mutant p58.2 HLA-Cw3-speci fic KIR in PIIIB ceils, 

figure 2 illustrates the surface receptor^induced 
serotonin release in RTIIB cells expressing human Kli^, 

- figiire 3 shows that human KII^ inhibit ITAM-dependent 
KTIIB cells serotonin release, 

- figure 4 shows that the inhibition of ITAM-dependent 
RTIIB cells serotonin release requires KIR co- aggregation, 

- figure 5 shows that human Kllfe inhibit ITMl-dependent 
intracytoplasmic Ca'* mobilization in STUB cells, 

- figure 6 shows Immunofluorescence and flow cytometry 
analysis of peripheral blood lymphocytes isolated from 
p58.2 transgenic mice, 
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- figure 1 {h, B illustrates the in vicro cytotoxicity of 
splenic T cells isolated from CDlSSb (p58.2) transgenic 
mice, and 

- figure 8 shows a schematic representation of the CDlSSb 
{p58,2) transgenic vector used for generation of transgenic 
mice, 

- figure 9 illustrates the in vitro cytotoxicity of splenic 
NK cells isolated from CD158b {p58,2) transgenic mice (Tg 
CD158b) and from nont ransgenic littermate (non Tg) ^ and 

- figure 10 illustrates the tolerance of CD158b (p58. 2) 
transgenic mice to graft of allogeneic bone marrow cells 
that express HLft^Cw3 (mean cpm ^ SEM of incorporated ^-^IdUdr 
obtained from three independant grafts)? 

- figure 11 illustrates that NKG2A and CD94- are expressed 
on NK cells and melanoma specific T-cell clones, 

- figure 12 (A, B) illustrates that CD94-NKG2A engagement 
inhibits cytotoxicity on NKL cells and melanoma specific T- 
cell clones 

' figure 13 illustrates that CD94~NKG2A inhibits the 
antigen-specific TNF production by CTL clones/ 

- figure 14 illustrates the negative regulation of antigen- 
induced CTL clone c>totoxicity by CD94-NKG2A, 

- figure 15 (A, 3) illustrates the in vitro interaction 
between NKG2A ITIMs and SHP-^l, SHP-2 and SHIP phosphatases/ 

- figure 16 illustrates the HLAcore analysis of NKG2A ITIM 
interaction with the SH2 domains of SSP-1, SKP-2 and SHIP 
phosphatases (top: NKG2AN-tena phosphorylated ITIM; bottom: 
NKG2AC-term phosphorylated ITIM), and 

- figure 17 (A, a illustrates the in vivo recruitment of 
SHP-1 and SHP-2 by phosphorylated NKG2A. 

ABBREVIATIONS 

ADCCft 'Antibody- Dependent Cell Cytotoxicity Feceptor 
complex. 
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Ca-\: 


Intracellular Ca*' concent rati on. 


DAM: 


Donkey Anti -Mouse Ig antiserxuti, 


DAP: 


Donkey Anti-Bat Ig antiserum- 


FITC 


Fluorescin isothiocyanate. 


GAMr 


Goat An ti -Mouse Ig antiseruin. 


GST ; 


GiutatM on S-trans f erase. 


IgSF: 


Iraniunoglobiilin superfamily. 


ITAM: 


Iiomuno receptor Tyiosine^based Activation Motif. 


ITIM: 


Imraono receptor Tyrosine-based Iniubition Motif. 


KAR 


Killer-cell Activatory Beceptor. 


KIR 


Killer-cell Inlubi to ry Receptor. 


Kd : 


Equilibrium dissociation constant 


mAb: 


monoclonal Antibody. 


MHC 


Ma jo r His tocompatibi li ty Complex. 


NK; 


Natural Killer. 


PH.: 


Peripheral HLood Lymphocytes. 


PTK: 


Protein Tyrosine Kinase. 


PTPase: 


Protein Tyrosine Phosphatase. 


SKIP: 


Phosphatidylinositol phosphatase 


SH2: 


src-^homology domain 2. 


SPR : * 


Surface plasmon resonance. 


TG 


Tricolor. 


Tg: 


transgenic 



Sxamplo 1: 

. KIR can function in a non lymphoid cell line, 
KIR only inhibit tha functions of the 
activatory receptors with which they are co -aggregated 
(serotonin release, Ca^* influx and mobilization) , 

KIR and Fc ITIM-bearing receptors exert 
dListinct regulatory functions. 
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HLA-CW3 -specific KIR (p58.2) has been reconstituted in a 
trans fected mast cell/basophil-lilce RH:*-2H3 cell line: 
( peril a. RTIIB cells express two distinct ITAM-dependent 
receptors: the er.dogencus FceRI antigen receptor and a 
transfected CD25/CD3C chiitieric molecule. A naturally- 
occuring mutant of p58,2, the pSO.2 PCAR (Killer-cell 
Activatory Receptor), has also been reconstituted in RTIIB 
cells. The p50.2 KAR expresses a shorter intracytoplasmic 
domain/ which does not contain any I/VxYxxL/v stretch (ITIM 
motif). This mutant receptor is able to trigger T and NK 
cell activation programs. 

Experimental procedures: 

AntJUbodies. The following mAb and antisera were obtained 
from Immunotech, Marseille/ France: mouse anti-himarx CD25 
mAb {BL.49.9, IgG2a) , rat " an ti -human 0025 mAb (3323- 1/ 
IgG2a)/ mouse an ti -human pS8.2 mAb (GL183, IgGl), mouse 
anti-rat Ig (H+L) F(ab')2(MAW, goat anti -mouse Ig (K+L) 
F(a.b)i (GAM) , donkey anti-mouse Ig (H+L) F (ab' ) : . (DAM) , 
donkey anti-rat Ig (H+L) F(ab' )2(DA.R) • Pat IgE mAb (LO-DNP- 
30), mouse IgE mAb (2682-1)/ rat anti -FcyREr/ III mAb 
(2.4G2), mouse anti- CD25 mAb (7G7/IgGl) and mouse anti -rat 
FceRia (BC4,lgGl) were also used. Mouse IgE mAb was used as 
a dilution of hybridoma supernatants. All other mAb were 
used as protein A/G purified mAb. GL183, 2. 4G2 and 7G7 mAb 
were used as F(ab')2; LO-DNP-30. 2682-1, SL. 49. 9 and 
33. BS. 1 were used as intact mAb- LO-DNP-30 and 2682-1 are 
directed against DNP and TNP. MAR F(ab' )2 was 
trinitrophenylated using tri nitrobenzene sulfonic acid 
(Eastman-KodaJc, Rochester, NY. USA), 1 mole of MAR F(ab')2 
was substituted with an average number of 10 TNP moles. 
This TNP-F(ab' )2MAR was used to crosslink mouse anti -TNP 

IgE and rat anti-FcyRII/III 2. 4G2,. 
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Cells. AIL cells were cultured in DMEM supplemented with 
10% FCS and penicillin (100 lU/ml) -streptomycin (100 
ug/ml)- RBL-2H3 cell trans fectants expressing murine 

Fc7RIIb2 and CD25/CD3C c>J.meric molecules (KTIig have 
been previously described- The CD2S/CD3C chimeric molecule 
includes the complete human CD25 ectc- and transmembrane 
domains linked to the complete mouse CD3^ intracytoplasmic 
domain. PTIIB cells were trans fectad by electrppo ration 
using either the 183-6 cD^3A encoding p5 8.2 (KTIIBpSS) or 
the 183.Actl cDNA encoding p50,2 (RTIiapSO), in the RSV- 
S.gpt expression vector. Stable trans fectants were 
established by culture in the presence of xanthine 
(250 ug/ml) , hypoxanthine (13-6 ug/ml) and mycophenolic 
acid (2 ug/ml). Two representative clones pf each 
trans fecti on series (KTlIBpSSA, Krii ap58Band FiliapSOA. 
RTIiapSOB) were examined in parallel and gave similar 
results- Unless indicated/ results from one clone of each 
trans fecti on series are shown. 

Flow cytometric analysis. The primary mAb was incubated 
with cells on ice for 20-30 minutes / followed by -3 washes 
with PBS supplemented with 0,2%. BSA, The secondary staining 
was performed using f lucres cein-conjugated rabbit anti- 
mouse IgG (immunotech^ Marseille^ France)/ followed by 3 
PBS/C. 2% BSA washes and resuspension in PBS containing 1% 
formaldehyde. Cells were analyzed on a FACS-Scan apparatus 
( fecton-Dickinson/ Mountain View, ca, USA). 

S±ngl& cell Ca?"^ TtdBo-imglivff. Cells (2 x lOVsample) were 
allowed to adhere overnight onto glass covers lips in 
culture medium. Adherent cells were washed and then 
incxibated at 37' c for 40 minutes in BPMI medium 
supplemented with 10% FCS with a 10"^ dilution of morose IgE 
(2682^1) in the presence or absence of either 1 pg/ni GL183 
or 1 pg/ml 2. 4G2. 1 yM Fura-2/AM (Molecular Probes, Eugene, 
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0?y OSR) in dimethylsulfoxide premixed with 0.2 mg/inl 
pluronic acid (Molecular Probes) was then added to the 
medium for 20 aiinutes. Cells were washed and then 
measurements of intracytoplasmic Ca^* (Ca'\) mobilization 
were performed at 37*C in MS buffer (140 mM Naa, 5 mM KCl, 
10 mM HEPES, pH 7.4, 1 mM CaCls, 1 mM MgCl.) with a Nikon 
Diaphot 300 micros cope and an IMSTAR imaging system- 
Bciefly, each [Ca^^li image (taken every 6 seconds) was 
calculated from the ratio of the average of 4 fluorescence 
images after 340 nm excitation, and 4 fluoresicence images 
after 380 nm excitation. Ca"\ values were calculated 
according to Grynkiewicz et al, 1995, J.Biol. Chem. 
260: 3440-345 0. The stimulation was done by adding GAM 
F(ab')2 or TNP-F(abM2MAR to the MS buffer to . a final 
concentration of 5 0 jig/ml and 10 ug/ml respectively. The 
measurements of intracellular calcium stocks release was 
done by replacing the MS buffer with a stimulation buffer 
(150 mM NaCl. 5 mM KCl, I mM MgC12, 0.5 mM EGTA, 20 mM 
HEPES, pH 7.3, 50 ug/ml F{ab')2 GAM) at the time of 
stimulation. For each experiments/ results were obtained as 
the average variation of (nM) as a function of time 

for a population of 20-30 cells- . /* 

Serotonxn release. BTIIBcell trans fectants harvested using 
trypsin-EDTA were examined for serotonin release. Briefly, 
ceils were resuspended in RPMI medium supplemented with 10% 
FCS at 1 X 10^' cells /ml, and incubated at 37^c for 1 h with 
2 pCi/ml pH] serotonin (Amersham, Les Ulis, France), 
washed, resuspended in RPMI-10% FCS, incubated for another 
hour at 37''c, washed again, resuspended in the same medium 
and distributed in 96-well microculture plates at 2 x 10^ 
ceils /well. Cells were then incubated for 1 h with mouse or 
rat IgS/ with mouse or rat anti-CD25 mAb in the absence or 
in the presence of GL183 Flab*)., in- a final volume of 
5 0 ul. Cells were washed 3 times in 200 ul PBS and once in 
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200 111 PPMI-10% FCS. then 25 ]il culture medium were added 
to each well arid cells were warned for IS minutes at ST^'c 
before challenge. Cells were challenged for 30 minutes at 
ST^'C with 25 \xl ptewarmed GAM, DAM or DAR F(ab')2 as 
5 indicated. Reactions were stopped by adding 50 yl ice-cold 
medium and by placing plates on ice. 5 0 ]xl of supematants 
were mixed with 1 mi Emuisifier Safe scintillation liquid, 
(Packard, Groningen, The Netherlands) and counted in a 
LS6000 feckman counter. The percentage of serotonin release 
10 was calculated using as 100%, cpm contained in 50 pi 
harvested from wells containing the same number of ceils 
and lysed in 100 pi 0,5% SDS-0.5 % NP40. 

15 Resul ts 

Reconstitution of human KIR and KAR in RTIIB cells. Stable 
KTII B cell trans fectants ex:>ressing murine FcyRIIB as well 
as a CD25/CD3<^ chimeric molecule at their surface, were 

20 further transfected with two distinct NK cell MHC aass I 
receptor p58,2 and p50.2 cDNA constructions. In NK cells, 
the wild type p58. 2 (KIR) exerts an inhibitory effect 
whereas the mutant p50.2 (KAR) is an activating molecule. 
Despite' this striking difference, both p58.2 and p50.2 are 

25 HLA-0^3 specific receptors and are recognized by the GL183 
ffiAb- Pepresentative trans fected clones used thereafter were 
selected for their matched cell surface expression of the 
wild-type p58.2 (KTIiapSS) or the mutant p50,2 (RTIiapSO)^ 
HIA-CW3 receptors- 

30 

Figure 1 illustrates the recons titution of wild-type and 
mutant p38.2 HLA-Cw 3 -specific KIR 'in KTIIB cells, where 
representative transfected PIII B clones were stained by 
indirect immunofluorescence using mAb directed against rat 
35 FceRE (BC4), human CD25 (BL.49. 9), as well as human wild- 
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type p58,2 KIR and mutant p50.2 KAR (GLl 83), Negative 
controls were only incubated with fluorescein conjugated, 
rabbit an ti -mouse IgG also used as secondary reagents- 

5 Inhibition of ITMi-detpendant serotonin release by KIR 
reconstituted in RTIIB cells. PTII B cells can be induced to 
release serotonin by one of two ways: aggregation of the 
endogenous rat FceRI receptor complex or aggregation of the 
Cp25/CD3(; chimeric molecule. Mouse IgE binding to FceRI is 

10 not sufficient to induce ETIIB serotonin release^ and 
aggregation of FceRI receptors was obtained using GAM 
F(aJb- )2. The integrity of ITAM expressed by both receptors 
is required for RTII 3 serotonin release, indicating that 
both FceRI- and CD25/ CDB^^induced serotonin release utilize 

15 ITAM-dependent signaling mechanism. Using RTIIB cells 
expressing p5e.2 KIR or the mutant p50.2 KAR in addition to 
FceRI and CD25/CD3C/ the express ion or the aggregation of 
reconstituted HLA-Cw3 receptors, was investigated with 
respect to ITAM-dependent serotonin release modulation. 

20 

Figure 2 illustrates the surface receptor-induced serotonin 
release in KTII B cells expressing human KIR 
BTIIRp5 8 cells (A) or KTIiapoO cells (B) were incubated 1 
h at 37*C either with serial dilution of mouse IgE (2682-1, 

25 initial concentration: straight hybcidoma supernatant) 
(closed circles), anti-hCD25 (F{ab')2 initial 
concentration: 1 mg/ml) (closed squares) or GL133 F(abM2 
(initial concentration: 1 mg/ml) (open triangles). After 
being washed, cells were challenged for 30 minutes at 37*^0 

30. with 50 ug/ml GAM F(abM2. The serotonin released in 
supernatants was measured- The experiment shown is 
representative of three independent experiments. 
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As shown in Fig. 2A and aggregation of FcsRI or 

CP25/CD3^ receptors induces a dose-dependent serotonin 
release of KTIIB cells expressing either p58.2 KIR 
(KTiiaFSS) or p50.2 KAR (RTIiapSO). The larger serotonin 
5 release elicited by anti-CD25 in RTIIBpSS compared to 
BTirapSO cells most likely reflects the difference in 
surface expression of CD25/CD3^ in the two cell types. When 
p58-2 KIR were aggregated using an ti- p58.2 mAb (GL183), 
no KTII B serotonin release was observed. This result is 
10 consistent with the lack of detectable signals induced in 
NK and T cells upon anti-p5 3. 2 mAb stimulation. However, 
no serotonin release was detected in response to GL183 mAb 
in PTIIBpSO cells, in contrast with the stimulatory effect 
of p50.2 KAR reported in both NK and T cells. 

15 

In a second set of experiments, p5 8.2 KIR vs. p5C.2 KAR and 
FceRI receptors were co-aggregated using mouse IgE, mouse 
GL183 and GAM. 

20 Results are reported in figure 3: KTII E ?5 8 cells (A,C) and 
KTIiapSO cells (B,D) were incubated 1 h at 37*C with 3 
^g/ml GL183 F{ab' and mouse IgE (2682-1) {A and a closed 
circles) or with 3 jig/ml GL183 FXabMz and anti-hCD25 
(F(ab')2 7G7) (C and D, closed circles). Controls were made 

25 without GLi83 F(ab')2 (open squares)- After being washed, 
cells were challenged for 30 minutes at 37 with 50 ug/ml 
GAM F{ab'}2. The serotonin released in supernatants was 
measured. The experiiaent shown is representative of three 
independent experiments. 

30 

Using saturating concentrations of GL183, the serotonin 
release induced by FceRI was impai red in KrilBpSS cells 
(Fig. 3A). This inhibition was detectable at sub-optimal 
(< 10"' dilution), as well as optimal concentration of IgE 
35 (10"- dilution). Using saturating concentrations of both 
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GL183 (1 ]ig/ml) and IgE (10""' cixLutipn), 72.8% + 2- 2 and 
55-8% +^9.9 (mean > I SEM/ n«?3) inhibition of serotonin 
release were observed in two distinct KCIIEpSS clones. 
Similar results were obtained when serotonin release was 
triggered via the CD25/CD3C chimeric molecule (Fig. 3C). 
Using saturating concentrations of both GL183 (1 jxg/ml) and 
anti-hCD2S { 3 ug/ml) , serotonin release was inhibited by 
39.3% +; 11.9 in the representative RTII ap5 8 3 clone. 

In contrast, no significant inhibition or potentiation of 
ITAM-dependent cell activation was detected • when p50. 2 KAjR 
was co-aggregated with either FcePI or 025/003^ surface 
receptors, even at sub-optimal concentration of triggering 
IgE or anti-hCD25, in the presence of saturating 
concentration of GL183 (1 )ag/ml) (Fig- 3 B and 3D). 

These results first demonstrate . that. p58.2 KIR 
reconstituted in KTTI B cel^s are functional, and inhibit 
IT AM- dependent cell activation. Second, they show that the 
integrity of p58.2 intracytoplasmic sequence is required 
for KIR-mediated inhibition of PTIIB serotonin release- 
Finally, these data indicate that KTIi B cells provide an 
appropriate cellular environment for a functional 
reconstitution of p58. 2 KIB^ but not of pSO.Z KAR. 

KIR inhibitory function requires co-enga^meat of KIR and 
ZTAti^cozxta. ining" receptors. In a next set of experiments, 
KTIiapSa cells were stimulated via FceRI in the presence 
of aggregated p58.2 in one of two ways. 

Besults are reported in Figure 4: 

(A> KTIiapSa cells were incubated 1 h at 37'C with 
indicated conce.nt rations of GL183 F(ab'): aad either 10'^ 
mIgE (2682-1) dilution (closed circles) or 10"'rIgE (LO- 
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DNP-30,1 mg/ml initial concentration) dilution (open 
circles). After being washed, cells were challenged for 30 
minutes at 37*c with 50 jig/ml DAM c(ab'): (closed 

cxrcles) or with 50 ug/ml DAM F(ab')2 plus 50. jig/ml DAR 
5 F(ab')2 (open circles)-- The serotonin released in 
supe mat ants was measured. 

(S) PTII a p58 cells were incubated 1 'h at 37'*C with 
indicated concentrations of GL183 F(ab'); and either 3 
Vig/ml anti-hCD25 roAb (mHL. 49, 9) (closed circles) or 3 Ug/ial 

10 anti-hCD25 irAb (r33ES. 1) (open circles). After being 
washed, cells were challenged for 30 lainutes at 37^c with 
50 ug/ml DAM FiabM? (closed circles) or with 5 0 pg/ml DAM 
F(abMi: plus 50 ug/ml DAR Fiab'). (open circles). The 
serotonin released in supematants was measured. 

15 This experiment is representative of five independent 
experiiaents. 

Co- aggregation and independent aggregation experiments are 
schematized in (C) and (P) respectively. 

20 DAK was used to co-aggregate FcsRI and pS8.2 KIR via mouse - 
IgE and mouse GLi33 respectively (Fig. 40), or a 
combination of DAR and DAM was used to independently 
aggregate FcePI and p58. 2 KIR via rat Ig£ and mouse GL193 
respectively (Fig. 4D) . As shown in Fig. 4A (closed 

25 circles)^ FceRI.^p53.2 KIR co-aggregation induced a GL183 
dose-dependent inhibition of FceRI-induced serotonin 
release, consistent with the observations reported in 
Fig. 3A- B/ contrast/ the independent aggregation of FceRI 
and p58. 2 KIR failed to inhibit FceRI-induced serotozun 

30 release at any GL183 concentration (Fig. 4A, open circles). 
Similar results were obtained when RTIiapSS serotonin 
release was induced via the CD25/CD3i!^ chimeric molecule 
(Fig. 4B). These results demonstrate that KIR require a co- 
aggregation with activatory receptors (FceRI or CD25/CD3C)r 
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in order to exert their inhibitory function. They also 
suggest that KI ft-medi ated inhibition takes place in the 
immediate vicinity of KIR molecules. Consistent with this 
conclusion, co-aggregation of FcsPX and KIR. only inhibits 
5 KTIIB cell serotonin release induced by FceKI but not by 
triggering of the CD25/CP3C ciiimeric molecule. 

An inhibitory effect of p58.2 KIR should therefore only be 
observed when the relative proportion of co-aggregated KIR- 
10 activatory receptors is high enough. 

To test this point, a clone expressing an unusually high 
level of CD25/CD3^ chimeric molecules was selected. In this 
particular clone, using saturating concentration of 01^183 
15 F(ab')i (1 pg/ml), only low levels of inhibition (14.1% + 
5,0) of CD25/CD3C-'induced serotonin release were observed. 

In addition^ it has been observed that in all clones 
stimulated with supra-optimal Ig£ concentrations OlO'^) r 
20 . KIR fail to inhibit Fee RI -induced RTII B serotonin release. 
These data confirm that an inhibitory effect requires the 
co-aggregation of activatory and inhibitory receptors. 

KIR-FcsRi co'BggragBtlon inhibits FcsRI-lndac&d 
25 intracTtopIasaic Ca^* jnobil-i^ation. KTII 3 serotonin release 
m.ediated via ITAH triggers Ca^\ mobilization. In order to 
test whether reconstituted human KIR inhibit early ITAM- 
dependent activatory signals, measurements of Ca.'^i were 
performed using a single cell imaging system.. 

30 

Results are reported in figure 5: Dotted line: KTIIEpSS 
cells were pre-incubated with mouse IgE mAb (2632-1) (10'^ 
dilution). Continuous lines: KTIiapSa cells were pre-* 
incubated 1 hour with a combination of mouse IgE mAb (10'^ 
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dilution) and GL183 F(ab'): mouse itiAb (1 pg/inl), (A^C) or 
mouse IgE mAb (10*V dilution) and 2. 4G2 F{ab'): rat inAb 

(1 lag/ml) (BrD), At a time indicated by the arrow, cells 
were stimulated with a GAM F(ab'); (50 jig/ml) (A/C), or 
TNP-F(ab' ):MAR (10 jjg/ml) (B,D), (A,B): PTIiapSS cells 
were stimulated in the presence of extracellular calcium- 

(C,D) RrilHpSa cells were stimulated in the absence of 
extracellular calcium. Values were obtained from 59 to 117 
tested cell from 3 to 5 independent experiments. 

PTIIEpSa and. PTIIEpSO cells were stimulated via the Fcs.RI 
receptor complex in the absence or presence of GL183 using 
GaM as a cross -linker^ In both BTIiap5 8 and PTIIEpSO 
cells / aggregation of the Fee SI receptor complex induced a 
large Ca^\ response consisting in a peak followed by a 
sustained plateau (Fig. 5A, dotted line). When p58.2 KIR 
was co-aggregated with FceRI, the Ig£-induced Ca*\ peaJc was 
impaired (Fig. 5A. continuous line). Using saturating 
concentrations of both GL183 F(abM: (1 '^Ig/ml) and IgE (10'^ 
dilution), the Car'i reached at the peak decreased from 1459 
nM ^ 32 (n«58 cells) to 756 nM + 59 (n=60 cells) '■ (mean + 
SEK. ?<0.001) (see. Table 1 below). 
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In contrast, when p50-2 KAR was co-aggregated with FceRI, 
no significant alteration of IgE-ihduced Ca"% mobilization 
was observed. At the Ca-'t peak, using saturating 
concentrations of both GL183 (1 ^g/IIll) and IgE (10*^ 
.5 dilution)/ Ca-\ was 829 nM + 67 (n^67 cells) vs, 873 nM + 
67 (n«67 cells) (mean SEM) for IgE vs. IgE-GLl83 co- 
aggregation respectively (Table 1). 

In order to evaluate whether KIR inhibited I TAM- dependent 
10 release of Ca^'i from intracellular stores and/or C3l'\ 
influx, further experiments were performed on PTIIEpSB 
cells in the absence of extracellular Ca^'. In these 
conditions, only a small peak corresponding to the release 
of Ca'" from intracellular stores was observed upon IgE 
15 stimulation (Fig. 5C, dotted line). Using saturating 
concentrations of both GL183 (1 jig/ml) and IgE (10'^ 
dilution), Ca-\ decreased from 625 nM + 39 (n«56 cells) to 
368 nM + 32 (n«37 cells) (m^an + SEM, p<0. 001) at the Ca-'i 
peak (see Table 1 above). 

20 

Therefore, p58,2 KIR is able to inhibit the release of Ca'* 
frozt intracellular stores upon co- aggregation with FceRI- 
In addition, no Ca^^i mobilization was detected when p58.2 
or p5Q.2 were aggregated on KTIiapSS and PIIIBpSO cells 
25 in the absence of IgE stimulation. 

These results show that p58.2 KIR impairs ITAM-induced Ca'" 
mobilization in KTIIB cells. Furthermore, p50.2 KAR was not 
capable of mediating any detectable Ca^"" mobilisation when 
30 expressed in RTII B cells, in contrast to its stimulatory 
function reported in both T and NK cells. 
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FcTRIIS'FceRI co-aggxegatlon inhibits extracellular C3r^ 
influx in RTIIS cells r bixt does not inhibit intrBcellvilsr 
Ca^^ mobilXzation. 

5 KTIiapSS cells also express FcyBII B ITIM-bearing receptor. 
Similar to KIR, FcrRII 3 inhibit serotonin releasie in KTIIB 
cells- But by contrast to KIR^ FcyMIB only inhibit Ca^" 
entry in B cells. Therefore/ the effect , of FcyRII B-FceRI 
co-^aggregation on Ca"* mobilization was examined, in order 
10 to state whether the differential effect of KIR and FcyRII B 
on Ca-"" mobilization is due to a difference betv/een B cells 
and PTIIB cells ox is the consequence of distinct 
inhibitory strategies used by these two ITIM^bearing 
receptiD rs . 

15 . 

PTIiapSS cells pre-incubated with IgE (10"^ dilution) in 
the presence or absence ot 2. iG2 Flab')? (1 jig/ml), were 
challenged with a TNP-F(ab' ) zMAR (10 ;ig/ml). Aggregation of 

the FceRI receptor complex Induced a large Ca^\ response 
20 consisting in a peak followed by a sustained plateau (Fig. 
5a dotted line). When FcyKTIE was co-aggregated with - 
FceRI, the Ca^\ peak was not impaired but the plateau was 
not sustained (Fig. 5 continuous line). Using saturating 
concentrations of both 2. 4G2 F(abM2 (1 pg/ml) and IgE (10"' 
25 dilution), the Ca^'t reached at the plateau decreased from 
515 nM + 27 (n«SO cells) to 253 nM ^ 12 (n=59 cells) (mean 
+ SEM/ p<0.001) (see Table 1 above). 

In order to dissect the effects of FcyRII B inhibition on 
30 Ca^'' mobilization, further experiments were performed on 
KTIiapSa ceils in the absence of extracellular Ca^*. In 
these conditions, only a peak corresponding to. the release 
of Ca"* from intracellular stores was observed upon IgE 
stimulation (Fig. 5D, dotted line). Using saturating. 
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concenc rations of both 2. 4G2 (1 qg/ml) and IgE (10"' 
dilution), no inliibition or Ga*^* release was observed/ but 
rather Ca-% increased fxom 712 nM + 32 (n«79 cells) to 901 
nM + 36 (n«5? cells) (mean + SEM) at the Ca*^ peak (Table 1 
above and Fig. 5D). These results indicate that FcyRIIShas 
no effect on the release of c:a^^ from intracellular stores 
upon co-aggregation with FceBI. In addition^ no C^^\ 
mobi ligation was detected when FcyRIIB was aggregated on 
RTIIEpSS cells in the absence of IgE stimulation. . 

Therefore p58.2 KIR and FcyKIIB ITIM-bearing receptors 
exert dis tinct regulatory function on fee KI -dependent Ca'' 
mobilisation. 

Discussion 

HLA-CwS -specific human KIR expressed in KTIIB cells can 
therefore inhibit Ga"*i mobilization and serotonin release 
induced by the Fee BI receptor as well as by a CD25/CD3C 
Chimeric molecule (Fig- 3, Fig.5). Therefore, KIR and 
FcyBir 3 share several features. 

First, KIR and Fey RII B inhibit early steps of the signaling 
cascade^ which are transcription-independent and are likely 
to reflect NK cell killing mechanisms, such as regulated 
exocytosis. 

Second. KIR and FcyRIIB control the signals induced via 
polypeptides including only one ITAM (FceRI), as well as 
receptors including three seq^aential ITAM {CDSQ. 

However KIR and FcyKtIR appear to use distinct inhibitory 
strategies. Indeed KIR inhibits Ca"\ release fron ERstores 
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Whereas FcyMIBonly inhibit influx from the extracellular 
compartment. In addition/ upon phosphorylation of the ITIM, 
FcyHIIB recruits preferentially the phosphatidyl inositide 
5~phosphatase SRI?, whereas KIR recruits the SHP-l tyrosine 
5 phosphatase (see Example 2), These two findings could be 
related- 

These results also provide new insights on the importance 
of the cellular environment for the functions of a novel 
10 receptor family/ characterized either by intact 
intracytoplasmic ITIM (FcyRIIS and KIR), or by their 
mutated version (KAR) . 

Finally, it is herein demonstrated that the mere cell 
15 surface expression of KIR does not modulate RTII B cell 
activation in contrast to other regulators of lymphocyte 
activation, such as CD45. 

On the contrary, co-aggregation between an activatory 
20 receptor (the FceM receptor complex or the CD25/CD3C 
chimeric molecule) and p5 8,2 KIR is required for the 
inhibition of serotonin release by KTIIB cells (Fig. 4), 
This implies that the KIR inhibitory effect occurs in the 
immediate vicinity of the molecule. 

25 

The aijsolute requirement for a co^engagement of KIR with an 
activatory receptor may reflect the necessity for KIR to be 
phosphorylated by a non diffusible PTK associated with the 
activatory receptor. Indeed/ the tyrosine phosphorylation 

30 of KIR is mandatory to the recruitment of SHP-1. Thus, the 
same PTK might induce the tyrosine phosphorylation of both 
iTiVM and ITIM/ which is consistent with data showing that 
ITIH YxxL/V sequence is a potential substrate for the s rc- 
family member ?TK used by ITAM-containing receptor, such as- 

.35 lyn, Ick an fyn. An additional basis for the obligation of 
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prpxiaiity between activatory and inhibitory molecules may 
be that the tyrosine phosphorylated targets of SHP-1 likely 
belong to the ITAM^dependent activation cascade, and' must 
be thus brought in close proximity to SHP-1- 

The identification of the major targets for SHP-i involved 
in the KIR inhibitory pathways is not yet achieved. 
Nevertheiess, the recognition of target cells protected 
from NK cell lysis by the surface expression of HLA- 3 
alleles leads to an inhibition of phosphatidyl inositol 4,5 
biphosphate hydrolysis/ resulting in the prevention of Ca'\ 
mobilization in NK cells. Similarly/ it is. herein 
demonstrated that KIR " inhibit ITAM-induced Ca^'i 
mobilization in PTII B ceils. Therefore, phospholipase C-y, 
and/or its potential upstream signaling ef feet or /adapt ots , 
such as p36-38, as well as the ITAM-binding. Sci2-tandem PTK 
(ZAP.-70 and pl2^^^) may be SHP-1 targets involved in KIR 
signaling pathways* 

In conclusion, the present invention a.llows to define and 
extend the. family of ITIM-bearing receptors, involved in 
the negative control of cell activation: the T cell- 
specific CD3/TCR complex pathway and the KIR pathway, both 
regulating T and NK cell cytotoxicity, are complementary, 
and permit to eliminate a cell presenting a foreign antigen 
in the context of MHC Class I inolecules as well as a cell 
expressing no (or a modified form of) MHC Class I 
molecules. 

T lymphocytes, the activation of which KIR can controls are 
involved in the control of potential autoimmune reactions 
as well as other inflammatory/immune reactions which may be 
deleterious. In addition, expression of KIR during viral 
infection, may overcome a deficient CD3/ TOR triggering. 
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Indeed various vi.rus interfere with assembly and transport 
of Class I molecules to the cell surface/ which might 
result in a less efficient presentation and/or expression 
of structurally abnormal Class I molecules, As a result, 
CTL will be less efficiently stimulated by the CD3/TCft 
complexes, but more efficiently stimulated because of the 
absence of KIR engagement by MHC Class I molecules. 

The above- reported findings therefore demonstrate that the 
threshold of T cell activation depends not only on the TCR- 
ligand avidity and the number of TCR engaged, but also 
depends on the engagement or the non-engagement of KIF. 
Several alternative pathways are utilized in T cells to 
control the activation programs, and similarly to KIR these 
pathways appear to act on the early PTK-dependent steps of 
r.celi activation- 

gacample 2 : in contrast to F^-yRIIB, KIR dp not bind SHIP and 
recruit SHP-1 and SHP-2. 

Obtantion of an antiserum specifically recognizing the 
tyrosine phosphorylatad but not the non-phcsphorylated form 
of both the N-and C- terminal KIR ItlMs. 

Experimental procedures : 

Peptides and antisera. The following peptides were 
synthesized as phosphorylatad or not, and contain an N- 
terminal-biotin : 

PEPTIDE SEQUENCE 

p58,2. 1 (N-tenoinal ITIM) : DEQDPQEVTY303AQLNH 

p5 8. 2. 1-V^°^A : DEQDPQEATYjojAQLNH 

p58.2.2 (C-terminal ITIM) RPSQRPBCTPPTDIIVYaasTELPNAEP 

FcyBIIB: KTEAEOTITYjwSLLK 

FCYRi: B-l2«oA : KTEAENTATY^si SLLK 

CD3^I- ; YQGQNQLY71 NELl>3LGRPEEY8eDVLDKRRGR 
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The p58.2 peptides correspond to the human p58.2 KiR 
sequence. The FcyRIIB peptides correspond to the murine 
FcyPIIHL/ffi sequence which is highly homologous to the 
human sequence : KVGAENTITYSLLM. The murine sequence was 
chosen because of the impossibility at generating phospho- 
peptides corresponding to the human sequence- The 712 
rabbit antiserum was generated using phosphorylated pS8.2. 1 
peptide coupled to ovalbumine as an immunogen (Neosys tern) . 

Fusion proteins and surface plasmon resonance analysis. 
Surface plasmon resonance (SPR) measurements were performed 
on a HTAcore"" (Pharmacia) . ^ The GST-SHP-1. SH2 (NC) , GST-SH?- 
1. SH2(N) , GST-SHP-1, SK2(C) , GST^SHIP, SH2 fusion proteins 
generated from the murine phosphatase qDI^, were purified 
from DHSa lysates. Ecieflyv overnight culture at 37*C in LB 
medium containing 50 yg/ml ampicillin was diluted 1/10 in 
fresh medium^ and incubated until the absorbance at 600 na 
reaches 1-2, At that pointy IPTG was added (ImM), and 
incTJLbation continued for an additional 4 hours, at 37* C. 
After cent rif ligation, bacteria pellet was resuspended in 
TENGN^ buffer (50 mM Tris pH 8,1 mM EDTA, IC % glycerol, 1 % 
NP40, 1 mM DTT, 1 mM PM5F, 10 ug/ml aprotinin • and 10 ]xg/ml 
leupeptine)- Bacteria were lysed by sonication. After 
centrifugation, supernatant was incubated with Glutathione- 
Sepharose 4 B beads (Pharmacia) overnight at 4*C with slow 
shaking- After 3 washes with 50 mM Txis pH 8, elation of 
the fusion protein was carried out using 50 mM Tris pH 8 ; 
supplemented with 10 mM reduced glutathione. Bsfore their 
use in HTAcore"^" experiments, fusion proteins were dialyzed 
in H3S buffer (10 mM HEPES, 150 mM NaCl, 3. 4 mM EDTA) , 
Protein purity was assessed by 12.5 % SDS-PAGE, and 
Coomassie blue staining. The running buffer used in all 
HEAcore'^" experiraents consisted of K3S buffer supplemented 
with 0.05 % surfactant P20, For preparation of microchips 
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coated with phosphorylated peptides,. imraunopure 
s treptavidine (Sigma) was first, iinmqbilized onto CMS- 
sens or chip. Then^ biotinylated peptides were injected/ and 
their binding to s treptavidine-coated laicrochips was 
assessed using anti-phospho tyrosine 4G10 mAb (UHE). 

Assay for call lysate adsorption to peptides. Ra;.-2H3 cells 
were lysed in NP-40 lysis buffer (1 % NP-40, 10 mM Tris- 
HCl, 150 m Naa. 1 tcM EDTA, 1 mM PMSF, 10 mM 
iodoacetamide, 10 mM NaF, 10 mM Na pyrophosphate. 0.4 mM Na 
vanadate, 10 pg/ml leupeptine, 10 pg/ral aprotinine). 
Samples were either used directly (whole cell lysates : 
WCL) , or subjected to affinity purification using peptides 
bound to beads, Biotinylated peptides (5 pig) were coupled 
to 50 ]il s tieptavidin-agarose bead slurry (Sigma) for 1 
hour at 4^C, prior to bead saturation with D-biotin (1 
mg/ml) for 1 hour at ^''C. After 3 washes in lysis buffer, 
samples were separated on SDS-PAGE and transferred to 
nitrocellulose. Immunoblots were revealed using anti-SHP-1, 
anti-SHP-2 mAb (0,5 pg/ml) (Transduction laboratories) or 
anti-SHIP antiserujn and ECL (Amershaia). 

Call activation and iinrtiunoblotting. 

Cells from a representative clone of each trans fected cell 
line, were washed 3 times in cold PBS, resuspended at 3 x 
10^ cells /ml in cold PBS and incubated for 30 min at 4''C in 
the presence or absence of the indicated purified mAb (5 
yg/ml). After 1 wash in PBS, cells were resuspended at the 
same concentration in the presence of 5 pg/ml F(ab')2 goat 
anti-mouse antiserum (GAM, Immunotech) for 3 min at 37*^0 
Cells were then instantly lysed in NP-40 lysis buffer for 
15 min on ice. After removing insoluble material by 
centrifugation ac 12, 000 rpm for 15 min,- samples were 
either used directly or subjected to. immunoprecipi tation 
for 2 hr using GL183 covalently coupled to CnBc-beads 
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(Pharmacia)- Samples were then Gombined with reducing 
sample buffer (New England aolabs) and boiled, before 
separation on 10 % SDS-polyacrylainide gel electrophoresis 

(SDS-PAGE). Immunoblots using 712 were revealed using 
5 horseradish peroxydase-conjugated goat anti-rabbit 
antiserum (Sigma) and ECL detection system (Amersham). ^ 

Results and disoussion : 

10 In order to dissect the signaling pathways used by KIR^ we 
first investigated whether the co-aggregation between the 
HLA^Cw3-specific p58.2 KIR, and an ITAM-bearing receptor/, 
FcsRI, could modulate the tyrosine phosphorylation of KIP. 
ITIM in vivo. 

15 In this regard, antisera directed towards the tyrosine 
phosphorylated form of KIR^ ITIM peptides were generated* 
Among this series, antiserum 712 specifically recognizes 
the tyrosine phosphoryl^-ted-, but not the . non- 
phosphorylated form of both the N- and the terminal KIR 

20 ITIMs. 

The 712 antiseiiim was further used to probe whole ceil 
iysates as well as anti-KIR immunoprecipL tations prepared , 
from stimulated and unstimulated reconstituted. KIR'' cells. 
RaL-2H3 cell trans fectants which express endogenous FcsRI 
25 and exogenous p5 8.2 KIR (Pllia p58 cells), were stimulated 
using anti-FceRI (334), anti-p58.2 KIR (GL183) mAbs alone 
or in combination, in the presence of GAM as a cross-^ 
Unker. 

Although tyrosine phosphorylation of KIR was detected in 
30 whole cell Iysates upon anti-p53,2 KIR cross -linking/ a 
major increase in KIR tyrosine phosphorylation was observed 
when p58-2 KIR. was co-aggregated with the FCeKL ITAM- 
containing complex. 

KIR contain only 2 intracytoplasmic tyrosine residues which 
35 are included in the N- and C-terminal ITlMs respectively. 
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Therefore/ reactivity of the 712 anti-KIR ITIM antiserum 
can only account for KIR ITIM tyrosine phosphorylation. 
These results were confirmed using 712 inmiunobiotting of 
anti-p58.2 immunopre-ci citations. As a control/ no tyrosine 
phosphorylation of KIR was detected when cell lysates were 
prepared from the PlliapSO cell . trans fectants. KTIIESO 
cells express p50, 2, a naturally-occurring mutant of pSe. 2, 
that contains a truncated fonn of p58,2 intracytoplasmic 
donain which is devoid of both ITIMs; and inhibitory 
function. 

These results indicate that co-aggregacicn between Kite and 
I TAM-b earing receptors greatly enhances the tyrosine 
phosphorylation of KIR ITIMs / consistent with its 
requirement for KIR inhibitory function. However, co- 
aggregation of KIR with. FcsBI is not mandatory to KIR 
tyrosine phosphorylation, in agreement with the reported 
association of KIRs with the pSS'^'^PTK- 

Therefore, co-aggregation between K195 and ITAM-bearing 
receptors may be. also required at a later step than KIR 
tyrosine phosphorylation. Indeed, phosphorylated forms of 
KIR ITIM recruit SKP-1 and SHP-2 PTPases suggesting that 
co-aggregation is required for bringing the PTPases. in the 
close vicinity of their tyrosine phosphorylated substrates, 
which, likely belong to the ITAM-dependent cascade. In this 
regard/ the Srr2- tandem PTK, ZAP-70 has been recently shown 
to be a direct substrate of SIP-l. 

In constrast to' KIR. FcyPIIB cross -linking in RH:i-2H3 cell 
trans fectants does not lead to any detectable FcyRIIB ITIM. 
tyrosine phosphorylation, suggesting that these two 
distinct ITIM-bearing negative co receptors use diverse 
strategies in order to mediate thei r inhibitory function. 

Since the inositol polyphosphate 5 -phosphate, SKIP and the 
phosphatases SHP-1, SHP-2 are involved- in FcyRTIB 
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inhibitory function, the ability of both KIR N-^ and C- 
terminal ITIMs to bind SHIP in vitro was investigated. 

Whereas both phosphorylated fontis of KIR ITIM bind SHP-1 
5 and SHP-2. no binding to SKIP was detected- As a control, 
only the tyrosine phosphorylated fprra of FcyBIIB ITIM 
recruit SHIP, SHP-1 and SHP^2 phosphatases. The recombinant 
GST -"fusion protein and SPR analysis confirmed that th^ 
phosphorylated fonn of KIR ITIM does not associate with 

10 SHIP, in contract to FcyRIIS ITIM. The absence of direct 
SHIP binding in vitro to KIR ITIM is consistent with the 
absence of SHIP cecruitment to KIR in vivo, and is likely 
to have physiological implications. Indeed we have 
previously observed {see exaaiple 1) that in the same 

15 KTIiapSS cellsv which express both FcyRIIB and p58.2 KIR, 
the raechanisms used by both ITIM-beating receptors to 
inhibit FceRI -induced cell activation are divergent: 
whereas KIR and FceRI co-aggregation leads to inhibition of 
Ca'' release from the endoplasmic reticulum^ FcyRIIB and 

20 ■ FceRI co-aggregation leads to the inhibition of Ca^* influx, 
form the extracellular milieu. 

The differential recruitment of PTPases or SKIP by KIR and 
FcyRIIB may therefore be involved in the differential 

25 effect of both ITIM-bea ring negative coreceptors on Ca^"" • 
mobilisation. In this regard, SHIP is a polyphosphate 
inositol 5 -phosphatase which remains to be characterized 
for its function as a regulator of phosphatidyl-inosotol 
4,5- biphosphate and inositol 1/4,5- triphosphate 

30 metabolism. 

Irrelevant of their differential binding properties , KIR 
and FcyRIIB ITIM share a common isoleucine or valine 
residues at a position tyrosine-2. .Similarly, another 
hematopoietic ITIM-bearing negative, coreceptor. gp49HL, 
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which is expressed on mast cells and inhibits FctRE^ 
mediated activation^ also contains isoieacine and valine 
residues at the position tyrosine- 2 in its two ITIMs 
respectively. 

Phosphorylated KIR and FcyRIIB ITIM peptides corresponding 
to a single point aminoacid substitutionr i.e. p58, 2. l^VjoiA 
and FcyRIIB l-IzsoA, were generated. These peptides were 
tested for their ability to bind SHP-1, and SKIP 

phosphatases in a cell lysate adsorption assay/ in 
comparison to the wild type KIR and FcyRIIB ITIM peptides. 
Substitution of isoleucine and valine by an alanine residue 
abolishes the binding of SHP-1 and 'SHP-2 to both KIR and 
FcyRIIB ITIM peptides- 

In contrast; binding of SHIP to mutated Fey RII B ITIM is not 
affected. Similar results were obtained using SPR for .SHP^l 
and SHIP, confirming that the tyrosine-2 amino-acid 
position in ITIMs is critical- for binding to PTPase but not 
to SHIP. 

Since Klfe do not associate with SHIP, we also further 
characterised the interaction between Kite and SKP-1, which 
is . liJcely to be involved in the inhibitory function of 
KIHs. We thus determined using SPR the kinetic constants of 
the interaction between KIR ITIM peptides and recombinant 
fusion proteins corresponding to the isolated N- and C-SH2 
domains of SHP^l- a>th the isolated SHP-1. SH2 domains bind 
the phosphorylated form of KIR ITIMs, in contrast to 
previous results reporting that only the C-SH2 domain was 
responsible of the interaction between KIR and SHP-l- 

In the following table 2, axe shown the association and 
dissociation constants for the interaction ot isolated SHP- 
1. SH2(N) and SKP-I, SH2(C) domains with phosphorylated KIR 
ITIM peptides : 
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The measurement of phosphorylated p58.2 peptide binding to 
GST-SHP-1. SH2 (N) and GST-SHP-1. SH2 (C) fusion proteins was 
at a constant 5 ^l/min flow rate. In the representative 
5 experiment of which results are reported in the above table 
I, 130 and 160 HJ of respectively p53,2-l and p58.2.2 
peptides were imipaobilized on microchips. The regeneration 
was performed using HBS buffer supplemented with 0-03 % 
SDS. Results are expressed as corrected resonance units 

10 (CPU) corresponding to the raw W values subtracted _ from 
background K value due to the injection mediuiri- In this 
representative experiment/ 130 FLJ of p58.2. 1 peptide and 
160 PU of p58,2.2 peptide were immobilised on microchips. 
koff and JCon were calculated from three independent 

15 measurements using the HLAevaiuation 2. 0 software. Xd was 
■ calculated from kott/kon- 

However, striking differences were observed between the 
binding capacities of the isolated SH2 domains. Measurement 

20 of kinetic constants revealed that the affinity of the 
phosphorylated N-terminal KIR ITIM peptide for SHP-1-SH2{C) 
is 3-3.5 times higher than for SHP-l. SH2 (N) (see Table 2). 
This difference is the direct consequence of a dramatically 
higher koff/^ despite an higher k^n/rin the interaction of 

25 the phosphorylated KIR ITIM peptide with SHP-1-SH2CN) as 
compared to SKP-1. SH2 (C) . The N- and C-SH2 domains of SHP-1 
exert distinct regulatory roles on SEP-1 : whereas the C-H2 
domain merely acts as a recruiting unit/ the N-Sr;2 domain 
not only serves as a docking unit but also as a regulator 

30 for SHP-1 PTPase activity. 

Therefore, our results showing that KIEfe associate with 
. both SHP-1 N- and C-SH2 domains, are in agreement with 
their reported role as activators of SHP^l PTPase function. 
35 These data also confirm that the N-terminal KIR ITIM bind 
SHP-1. SH2(N) and SHP-1. SH2(C) domains more efficiently than 
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the C-tenninai KIR ITIM, and suppoxt the observation 
showing that the N-teminal KIR ITIM. is sufficient for 
mediating KIR inhibitory function. 

5 Neve rther less, the binding of both KlR ITIMS to SHP-1 SH2 
domainsv is reminiscent of the association between 
SH2 domains and two distinct IRS-1 amino-acid stretches 
surrounding tyrosine residues 1172 * and 1222, The 
crystall.ographic analysis of SHP-2 SH2 domain >structure 

10 revealed that the distance between tyrosine 1172 and 
tyrosine 1222 is critical for the simultaneous association 
of both IRS-1 binding sites to SHP-2. SH2{N) and SIZ 
(C), which leads to a dramatic increase in SHP-2 PTPase 
activity. Since the tyrosine residues present in the N- and 

15 C-terininal KIR ITIMS are separated by 30 amino-acids 
(tyrosine 303 and tyrosine 333 respectively)/ it is 
possible that this distance may be sufficient to allow a 
simultaneous binding of both KIR ITIMs to the N-' and C-SH2 
domains of SHP-1 and SHP-2 PTPases- 

20 In summary, our data contribute to define the 

structure of ITIMs / in which the position tyrosine-2 
appears to .be critical for the binding of 312 -containing 
PTPases, but not for the binding of SHIP. They also reveal 
that ITIM-bearing negative coreceptpis recruit distinct 

25 sees of SH2^ containing -phosphatases and use divergent 
strategies in order to mediate their inhibitory function. 

Example 3: Inhibition of antigen-induced T cell response and andbody-induced NK 
cell cytotoxiaty by NKG2A : association of NKG2A with SHP-l and SHP-2 protein- 
30 tyrosine phosphatases 

ABBREVIATIONS 
GST: Glutatinone S-Cfsuisferasc. 

ITAM: Imnmnoftccptortyrosine-basedactivarion mot^^ 

35 niM: Immunoreceptor tyrosmc-teed inhibinott motf 

KIR: KHIcr-cell inhibitory receptor. 
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SUMMARY 

Subsets of T and ^fK lymphocytes express the CD94-NKG2A heterodimer. a recqjror for 
5 MHC class I molecules. Wc show here that engagement of the eD94-NKG2A heterodimer 
inhibits both antigcn-Kinvca TNF release and cytotoxicity on melanoma-specific human T cell 
clones. Simflarly. CDISnncdiated NK cell cytotoxicity is extinguished by cross-linking of the 
CD94-NKG2A heterodimer. Combining irt vtvo md in vitro analysts, we report that both 
1/VkYxxL Immunorcceptor Tyrosine-based Inhibition Monft (ITIMs) present in NKG2A 

10 intracytoplasmic domain associate upon tyrosine phosphorylation with the protein tyrosine 
phosphatases SHP-l and SHP-2, but not with the polyinositol phosphatase SHIP. Dcicnmnauon 
of Ko, using surface plasmon resonance analysis, indicates that NKG2A phospho-mMs directly 
imerzict with the SH2 domains of SHP-l and SHP-2 with a hjgh affinity, Engagement of tlic 
CD94-NKG2A heterodimer therefore appears as a protcin-tyrosme phosphatase-bascd strategy 

15 that negatively regulates both antigen-induced T cell response and antibody-induced NK cell 
cytotoxicity. Our results suggest that this inhibitory pathway sets the threshold of T and NK cell 
activation. 

INTRODUCTION 

20 

The control of lymphocyte activation is ensured by a dynamic equilibrium between activacory and 
inhibitory signals. In particaiar, antigen-MHC complex and antibody-coated target cells serve as 
activasory signals for T and NK lymphocytes, and are recognized by the T cell receptor 
(CD3/TCR) and the CD 16 receptor (FcyRHlA) respectively. These oligomcric complexes are 

25 coupled to downstream signaling pathways via polypeptides such as CD3y, CD36, CD3e, CD3^ 
and/or FcgRIy for CD3/TCR, as well as CD3i; and/or FceRJy for FcyRIIlA. These polypeptides 
mclude in diexr imracytoplasmic domain one to three immunoreceptor tyrosine-based activation 
motifs (ITAMs), which ace necessary and sufiBcienc for dseir transduction properties. ITAMs; are 
defined by a consensus YxxL/Lc^YxxL/I amino-acid stretch. Reciprocally, inhibitory signab 

30 can be provided by engagement of a vxuieiy of cell sur&ce receptors, which are characterized by 
the presence of one or two immun(»^ceptor tyrosine'based inhibmon mod£; (ITINfs) in their 
intracytoplasmic domains. ITIMs are defined by a consensus LITVxYxxL/y amino-acid stretch. 
In both T and NK lymphocytes, TTIM-beating receptors include multigenic ^unities of ishibitoiy 
receptors for MHC class I molecules,' sudi as KiUer<ell Inhibitory Receptors (KIRs) (human 

35 KIRs and the mouse lectin^like Ly-49 inolecu|es) ITIMs present in KIRs and Ly<49 molecules 
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recniit upon tyrosine phosphdrylatioiu ibc tandem SH2<omainmg prptcin tyrosine phosphacasc, 
SHP-l as well as SHP-2. Siinilariy to Ly-49 moieculcs, the huinan icoin-likc NKG2A molecules 
have been described to serve as inhibitory receptors for MHC class I molecules on VK cells. 
NKG2A arc expressed as hcterpdiniers with another lecrin-hlce molecule, Cp94, on both T and 
5 NK lymphocytes. Previous study suggested that Cp94-NKG2A hcterodixncr function as 
inhibitory receptors on CTLs. Here we show that both TCR-induced cytolysis and lymphokinc 
production are down rcgubtcd by signaling via the CD94-NKG2A receptor on melanoma- 
specific T cell clones. We also investigated the mechanisms leading to the inhibitory function 
exerted by the CD94-NKG2A hetCTodiniers and show that NKG2A express two functional itlMs 
10 that rccniir both SHP-l and SHP-2 protein tyrosine phosphatases via their SH2 domains. 
Therefore, the CD94-NKG2A heterodimer serves as an ITIM-bearing receptor which control 
both antigen^ and antibody-mediated T and NK cell response respectively. 



15 Peptides and anUbodies 

G) 

mM and ITAM peptides were synthesized in phosphorylsted ) and in non-phosphorylatcd 
forms, and contain an N-ferminal-bioim (Table 3 below). 



Table 3: Ust of peptides used in this study 



MATERIALS AND METHODS 



20 



PEPTIDE 



p50.183. i (N-cerminal XTIM): 
p58. 133. 2 (C-tenrdnal ITIM): 
FcyRTia 

NXG2A N-tertn (N-terminai ITIM): 
NKG2A C-tenn (C-cenninal . ITXM).: 

TYR (tyrosinase peptide); 
£AA ( Mei an- A/VAKT'-L' peptide): 



RP SQ HPKT?PTDim333T£LPr^P 



DEQD?Q£VTy303AQLNH 



KTEAENTITYjea SLLK 



MDNQGVUe 5DLNL 
IIATBQElty40 AEU^ 



Y1MDGTMSQV9 



25 



The p58.l83.1 and p58.183.2 peptides were generated from the p58.2 (CDlSSb) sequence. The 
FqrRIIB peptide was generated from the murine FcfRHBl/BZ sequence. Amino-acids are 
numbered according rp the first N-tenninal amino-acid of the repotted sequences. 
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Meian^A/>tART^I peptide and tyrosinase peptide were purchased from Cenosys (Lake Front 
Circle, USA) and were >70% pure as indicated by analytic HPLC. The generation of 712, an 
anti^phospho«rnM antiseruni has been previously reported. The anti-SHIP rabbit antisenim was 
generated using GST-SHIP .SH2 iiision protein as on inunuoogai. The horseradish peroxidaser 
5 conjugated gpat anti-^rabbit andserurn was purchased from Sigma Chemical Co. The following 
mouse mAbs have been described elsewhere; anii-CD94 (XA-185, IgGl: HP-3B1, ^G2a), anti- 
NKG2A (Z199, IgGlb), aiiti-CDl6 (KDl, IgGla.) and at«i-CD3ft {0KT3, IgG2a). The 2199 
mAb recognizes both NKG2A and NKG2B molecules^ as these molecules are highly homologous 
alteniaave-spiiced produc);3 of die same gene. 

10 C^/te 

The fodowmg cell lines have been described previously: the mouse mastocytoma ceil line P8 1 5, 
the murine B ceil lymphoma, IIA.1.6, the IL-2 -dependent human NK cell line, NKL and the Rar 
Basophilic Leukemia line, RBL-2HS. MI 17-14 and M77-i54 CTL clones were derived from 
melanoma tumor infiltiating lymphocytes (TIL) by limiting dilution culmre as described 

15 previously. The CTL clone 7-10 was derived from healthy donor PBL stimulated in vitro by the 
Mcian^A/>lART-l peptide 27-35 and then cloned by limmng dilution as tumor-infiltraring 
lymphocytes (TILs). Specificity and restriction were investigated using various functional assays 
including TNF production and cytolytic assays against peptide pulsed target cells and melanoma 
cells. The three clones are HLArA*020I restriacd, 7-10 and M77-84 clones recognize the 

20 Mclaii-A/MART-l26.3S peptide (EAA peptide) and the Mi 17-14 clone recognizes the 
Tyrosinasei .9 peptide (TYR peptide). 

Fusion proteins and suffaee plasmon r^sonancB Mdlysis 

Sur&cc plasmon resonance meaisurements were performed on a BL\corc apparatus (BlAcore). 
Tlie GST-SHP LSH2(NC), GST-SHP 2.SH2(NC) and GST-SHIP.SH2 fusion proteins 

25 gcaeraccd from the murine phosphatase cDNAs, were purified fiom PH5a lysatcs as previously 
described. Before their use in BlAcorc expcrimeats, fiision proteins were dialytcd in HBS buflGsr 
pH 7.4 (10 mM HEPES, 150 mM NaCL 3.4 mM EDTA). Protein purity was assessed by 12.5% 
SDS'PAGE, and Coomasste blue staining, The running buffer used in ail BIAcpre experimons 
consisted of HBS buffer supplemented with 0.05% sur&ctant P20. Equilibrium constant 

30 dctenninaiion (koff and kon) performed using BIAcvaiuation 2.0 software. Tlie equilibrium 
dissociation constants K£> were calculated fiom the kofi/kon ^<^' 
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S metabolic labeling 

250 X 10^ IIA. 1 .6 ceils were waisfaed cwice by resuspending in mcchioome and cysreinc free RPMI 
waimed at Ceils were dien resuspended in labeling medium (meduonine and cysteine ftee 
prcwarmcd RPMI medium supplemented witii 10% FCS. i%g!ucainine» 100 V/ml pcnicillia* 100 
5 ng/ml streptomycin, 5 mM sodium pyruvate, 25 raM HEPES, 50 |iM P-mcrcapcoedianoi), and 
incubated for 45 minutes at 3TC. After oentrifiigarion, cells were resuspcnded in 150 mi of 

labeling medium containing 3 mCi Tnm^^Scr label and 1 mCi ^^Cys (ICN), and incubate 
pveniighc at 37^C. Cells were ^yashed twice using cold PBS and precieared by three incubations 
of I hour with control peptide (non-phosphorylaied CD3c peptide) immobilized to sircptavidin- 
10 agarose beads (Sigma) phor their use in the cell lysasss adsorption assay. 

Assay for cell Jysates adsorption to peptides 

RBL-2H3 and ^^S-labeled HA. 1.6 cells were lyscd in NP-40 lysis buffer (I%NP-40, 10 mM 
Tns-HCI. 150 mM NaCl I mM EDTA, I mM PMSF, 10 mM iodoacetamide, 10 mM NaF, 10 

1 5 ttiM Na pyrophosphaic, 0.4 mM Na vana;datc, 10 Icupeptin, 10 jig/mi aprotinin). Samples 
were either used directly (whole cell lysates: WCL), or subjected to affinity purification using 
peptides bound to beads. Biotinylated peptide:^ (5 /ig) were coupled to 50 ]d streptavidin-agarosc 
slurry beads for I hour at 4^C, prior to bead samration with Drbiotin (1 mg/ml) for 1 hour at 
4''C. After 3 washes in lysis buflB:r, samples were fractionated on 8% SDS-polyacrykmide gei 

20 clearophoresis (SDS-PAGE) under reducing condition and transferred to niiroceUulose. 
Immunobloaing was then carried out with anti-SHP-1 mAb (0.5 ^g/ml), anti-SHP-2 mAb 
(0.5 jig/mi) (Transduction laboratories) or anti-SHIP aniiscnim, and either horseradish 
peroxidase-conjugated goat anti-rabbit or horseradish peroxidase-conjugated goat anti-mouse 
amisex? (Sigma) and revealed using die Renaissance chemilumincscence kit (NEN)- 

25 Cell activation and immunoblotting 

Cells were washed 3 times in cold PBS. resuspcnded at 5 x 10^ cdls/mi in PBS and prc- 
incubated for 15 minutes at Cells were then incubated for 15 minuies in the presence or 
absence of pervanadate (500 fiM) prepared as described. Cells were immediately lysed in ^fP-40 
lysis buffer for 15 minutes on ice. After removing insoluble material by centrifiigation at 12,000 

30 rpm for 15 minutes, samples were either used directly (WCL: whole cell lysaics) or subjected to 
iiranunoprecipitation for 45 minutes using indicated mAbs coupled to protein <j sepharo$e beads 
(Phantnacia). Samples were dicn combined with reducing sample buffer (New England Biolabs), 
boiled, prior to fractionation on S% SDS-PACE. Immunoblotiing was then carried out using anti- 
SHP-1 mAb, anti-SHP-2 mAb, and-SHIP antiserum and 712 anti-phospho-rflM aniisemm, in 
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parallel or successivdy. NhrocdluJosc filters (Schleicher & SchuU) vycre then incubated cither 
widi horseradish |>eroxida3e«cbnju^axcd goat anti^rabbit antisenim or horseradish peroxidasc- 
conjugatcd goat anOHnpusc amiseniin (Sigma), aiid the chcrniluminescencc was dcteded usui^ 
die Reinissance cheinilunn&escencc kit 

Cytotoxicity assays 

The cytolytic activity of NKL cells and CTL clones wns assessed against the P815 mastocytoma 
mouse cell line in die presence or absence of indicated mAb. Bnefly, 5 x 10^ ^^Cr-labeied cai^ 
cells were added to scna] dilutions of NKL cells in the pn^ence of indicated inAb at the initiation 
of a standard 4 hour ^^Cr-relcase assay. In parallel, I x l(P ^iCr-labcicd target cells were added 
to 1 X 10"* CTL clones in the presence of serial dilutions of purified anti-CDSs niAb at the 
initiarion of a standard 4 hour ^^Cr-releasc assay. Except for the anti-CDBe mAb, niAbs were 
used as crude hybridoma supematatit (50 pi) for a 1 50 ul final volume. 

Auto-prBsenta^on assay 

5 X 10^ CTLs were iacubared with indicaced concentrations of peptides in 100 >il 5nai volume. 
After two hours^ supernaiantB were harvested to test the TNF secrerion and lysis was estimated 
by flow cytomcay on the basts of sizci'grajiulaiicy partems as previously described. TNF 
dctenninaiions were perfbnned by a biologic assay using cytotoxicity on the sensitive WEffl 164 
clone 1 3 cells, as compared to a standard curve established using rlNF-p ((jcnzytne). 

RESULTS 

Expression and inhibitpry function of the C094.NKG2A heterodimer on NK and T 
ceils 

It has been recently reported that a melanoma-specific TCRap'^ CTL clone expresses an NK 
inhibitory receptor p58.2 KIR (CDl58b), which inhibits its cytolytic fimction. We systematically 
analyzed a panel of 13 melanoma specific TCRaP"^ CTL clones fbr the cxpressbn of Ig 
supcrfamily KIR pS8, p70 and pl40. In addition* wc documented the c?cpression of the lectin-Uke 
molecules NKG2A and CD94, as CD94 is c?q)rcssed by some T lymphocyte subsets and was 
recenriy shown to be included m a heterodimer with NKG2A on NK cells. Two out of thirteen 
CD8^ TIL clones specific for autologous rumor cells express the CD94-NKG2A heterodimcrs. 
Figure 1 1 shovys the expression of NKG2A and CD94 on one of dicsc TIL clones, M117-14, and 
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on clone 7-10 (derived from PBL). weU as ihc absence of both molecules on another TIL clone 
M77.84. 

In figure 1 1, NKL cells and the TCRap'^CDS''' CTL clones (Ml 17-14, 7-10. M77.«4) were 
5 analyzed by indirect immunofluorescence and flow c/tometry using a FACScan :q3pafaius as 
described (32). The empty histognims show staining with anti-CD94 mAb (XA-185 or HP-3BI) 
or anti-NKG2A mAb (ZI99), while the filled histograms represent negative control staining 
(irrelevant mouse IgO). 

1 0 Tlie CD94-NKG2 A"^ (TTL clones were also characterized by their weak cytolytic activity against 
autologous target tumor cell lines as compared to allogeneic melanoma cell lines; yet, both 
autologous and allogenic meianoma cells c>:pressed comparable levels of the restricting HLA- 
A'020l molecule ax their surfiice, and presem similar amounis of antigen, as assessed by semi- 
quantitative RT-PCR and FACS analysis respectively- In paralleL the expression of ihc CD94- 

15 NKG2A heterodimer was confirmed on the surface of the human IL-2 -dependent NK cell liae» 
NKL (sec Figure II). Immunoprecipitation analysis using ami-NKG2A and CD94 mAb 
confirmed that all detectable NKG2A and CD94 raolecules are associated in a CD94.NKG1A 

heterodimer at the surfiice of Mn7rl4;7.10 and NKL cells. Interestingly, the NKG2A'CD94"^ 
MH7-I4 and 7-10 CTL clones as well as NKL cells do not express any p5 8, p70 orpl40 KIRs 
20 recognized by EB6, GL183, Z27 or NKBl , and DEC66 mAbs respectively. 

The. fimction of the CD94-NKG2A hcterodimcrs on NK ceils and CTL clones was then 
investigated by several approaches. In a first set of experiments; anti-CD3 and anti-CD 1 6 mAbs 

redirected killing assays against the FcyR"^ murine cell line P815 were performed on (TTL and 
NKL ceils respectively, in the absence or presence of anti-CP94 or anti-NKG2A niAbs. 

25 

Results are illustraied by figure 12 showing that the CD94-NKG2A engagement inhibits 
cytotoxicity on NKL cells and melanoma specific T-cell clones. In figure 12, NKL cells and T 
ccO clones were used as effector cells in a 4 houir rnAb^nedirected killing assay against P8 15 cells. 
(12A) For NKL ceils, this assay was performed in the presence of anti-CD 16 niAb (open circles) 
30 or anti-CD 16 + anti-NKG2A mAbs (filled squares). No cytotoxicity was detected when NKL and 
P8I5 cells were incubated iii the absence of mAb, as well as in the presence of aoti-NKGlA or 
anti-CD94 mAbs alone. 

(12B) P8I5 cdl lysis induced by the melanorna-specific CTL clone Ml 17-14 was gwcraied by 
anti-CDJc mAb. This assay was performed in die presence of anii-CD94 mAb (HP-3BI, filled 
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squares) or anti^CDlP mAb (control niAb. IgG2a, open circles) ac an c^ctof to taxget ratio 

(E:T)ofIO:L 

An cfficieni inhibition of the CDI6-depcndent NKL cell cytolytic activity was achieved following 
cross-iinkti^ of NKG2A (Fig. 12 A), and similar data were obtained upon cross-iinking of CD94, 
Anti-CD3 mAb-induced lysis of P815 cells by CD94-NKG2A^ M I 17-14 cells was also inhibited 
by cross-linking of CD94 (Fig; 12B) or NKG2A, whaeas an inelevam IgG had no effect 
Similar data were obtained on CP94-NKG2A^ 7-10 cells, whereas no effect of either anii- 
NKG2A or anri-CD94 niAbs was detected when anti-CD3 niAb reditecied killing assays were 

perferined on the (n)94rNKG2A' M77-«4 CTL clone, tocerestingly, ci^giemem of the CP94- 
NKG2A heterodimer &ils to inhibit T ceil redirected killir^ of P8I5 cells induced by supra- 
opnrnal concentrations (> 0.1 ^g^ml) of aixd-CD3 mAb (Fig. 126), cdnsistem with the inhibitory 
function described for KIRs. 

Inhibition induced by the CD94-NKG2A heterodimer on antfgen-spectfic T cell 
activation 

We then analyzed the involvement of the CD94-NKG2A heteroduncr in the antigen-spc?pific 
response of Mi 17-14 and 7-10 melanoma-speciSc CTL clones. To this end, we used an auto- 
prescmaaon assay. In the presence of cognate peptides^ i. e. Tyrosinasci.^ peptide (TYR peptide) 
for clone Ml 17-14 and Melan-A/MART- 12^.35 peptide (EAA) for the other two clones. CTLs 
are lysed in a fiatricidal pathway and secrete TNF. In these experiments, anti-CD94 and ami- 
NKG2A mAbs were ascd in the absence of aoss-linking to mask the Q)94-NKG2A 
heterodimer. 

Results are illustrated by fkgate 13 showing that CD94-NKG2A mhibits the anngen-^pecific TNF 
production by CTL clones, h figure 13, the melanoina specific CTL clones M1I7-14 and 7-10 
were somuiated in an autp-prcsentation assay with iheir respective cognate pq>iidcs {i,e.: EAA 
for 7-10 and M77««4, and TYR fer Ml 17-14) at a concentration of 10 fxM, in die presence or 
indicated mAbs. TNF release was assessed in the snperaaiant by a biological assay using the 
WEHI 164^ a TNF sensitive cell line. Data firora one leprescmativc cxperimcm out of five, arc 
expressed as mean TNF (pg/ml) ± SD of triplicate samples. 

As shown in Fig. 13, Ml 17-14 and 7-10 released TNF upon cognate antigenic stimulation, Lc. 
following exposure to TYR and EAA peptides respectively. The antigen-specific stimulation of 
MII7-14 and 7-10 in die presence of anti-CD94 or anti-^^^G2 A mAbs resulted in 3 significant 
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increase in TNF produaion (Fig. 13). As controls, the addiiion of an irrcievani mouse IgG did 
not modify the TNF release induced up<m antigen-specific stimular^^^ on clones MI 17-14 and 7- 
10; in addition, anci-CD94 or anii-NKG2A tiiAbs did not alter the production of TNF induced 
upon antigen stimulation (EAA peptide) of the a)94-NKG2A' M77-W CTL clone. We further 
5 investigated whether the CD94-NKG2A hcterodimcr wis also involved in the control of anugcn- 
induced CTL cytotoxicity. 

Results arc illustnited by figure 14 showing the negative regulation of antigen-induced CTL clone 
cytotordcity by CD94-NKG2A. In figure 14, cells from the melanoma specific CTL clone 
10 Ml 17-14 were stimulated in an auto^resentation assay with the indicated concentrarions of 
cognate peptide (TVR). Cyfot6?dcity was measured, in tlie presence or absence of aaii-CD94 
mAb (HP-3B1). Cell lysis was estimated by flow cycoractiy on the basis of sizc/gx^mulariiy 
patterns after auta>presentation in a short tenn assay (2 hours). Data sho^vn are representative 
fi-pm 3 independent experiments, 

15 

As shown in Fig. 14, Ml 17-14 cdls arc lyscd in a dose-dependent manner^ in the presence of 
incrcasmg concentrations of TYR cognate peptide, Similarly to lie effect observed on TNF 
release, addition of anri-CDW (Fig. 14) or ajm-NKG2A mAbs resulted in a significant increase 
in CTL celU auto-toxicity. A compaxabie increase in CTL lytic activity was obtained with Isoth ] 

20 mAbs using clone 7-10. Therefore, in the absence of cross-linking, the use of ann-NKG2A and 
ano-CD94 mAbs blocks the intctacrion between the CD94-NKG2A heterodimer and its MHC 
class I h'gand, and further reveals an endogenous negative fegulaiion exerted by the CD94- 
NKG2A heterodimer on CTL activation induced by melanoma antigens. However, no effect of 
ami-CD94 mAb was detected at supra-optimal concentrations of cognate antigenic peptides, i.e. 

25 > 25 ^M for M117-I4 (Fig. 14), consistenr witii the fiulure of CD94.NKG2A to modulate T cell 
acttvntion induced by supra^optimai concentrations of ana-CD3 mAb (Fig. 12B). 

NK62A is an (TlM-bearing mofecule 

We then analyzed the mcchamsnos used by die CD94-NKG2A heterodimer to inhibit T and NK 
30 ceil activation. The intracytoplasmic domain of CD94 only includes 7 amixKhacids, and is devoid 
of any characteristic motif coupled to transduction pathways. By contrast NKG2A is 
chamctetized by the presence in its intracytopIasDiic domab of two WxYxxL motifs which arc 
consensus to ITIMs (ViYsdL and ItYacL for the and the C-tcnninal motifs respectively). 
ITIMs are functional upon phosphorylation of the tyrosine residue. Iri an attempt to chanctenze 
35 the function of these putative niMs. cell l^'sates were incubaced with phosphorylatcd and 
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nonphosphorylated syiidietic peptides corresponding to the N-cermiruil and the C-ccrmtnal 
WxYxsL stretches present in NKG2A tmracytDpUismic domain. Cell lysates adsorbed to 
peptides were then assayed by tnunimobJotting for the presence of the phosphatases known to 
interact with phosphorylated ITIMs, Le. the protein tyrosine phosphatases SHP^l and as 
5 well as the polyinositol phosphate phosphatase; SHIP. In parallel, lysates adsorption were 
perfbxmed using control peptides correspondting to ITIMs present in ^-like ITEM bearing 
receptors such as human KIRs (p58.2/CD I58b; a receptor for HLA'^wS) and mouse FcyRIIB, 
as well as in mouse Icctin-likc ITIM-bearing receptor, such as Ly-49A. 

10 Results arc illustrated by figure 15 showing the irr vitro interictipn between NKGZA ITIMs and 

SHP-I, SHP-2 and S^HP phosphatases/ hfi^ 15, RBL-2H3 cell lysates (ISA) or '^S*Iabclcd 
OA. 1.6 cell tysazes (15B) were adsorbed with indicated biotinylated peptides coupled to 
strcptavidin-beads. Afifiniiy-boand proteins (30 x 1 0*> cells/sample) or whole cell lysates (WCL, 
5 X 10^ celis/sampic) were resolved on 8% SDS-PAGE under reducing conditions prior to 
13 autoradiography (ISB), or immunoblotting using anq-SFHP antiserum, and-SHP*2 mAb and 
anti-SHP-l mAbs (ISA). 

As shown in Fig. 15a (lanes 1 and 2), both N- and C^tcrminal VVkYxxL stretches present in 
NKG2A associate with SHP^I and SHP-2 in vifro, but no binding to SHIP was detected. Sinular 

20 patterns of association were obtained using the phosphorylared FTIM peptides of Ly49A and 
p58.2 KIR (Fig. 15A, lanes 3 to 5). In contrast. FcyRUB phosphorylatcd ITIM peptides also 
associate with SHIP (Fig. I5A, lane 6). No association of phosphatases with nonphosphorylated 
peptides corresponding to FcyRIIB (Fig. 15A, lane 7) and N(CG2A N- and C-teiminal WkYxxL 
stretches was detected. When nonphosphorylated and phosphoryiated peptides were used to 

25 adsorb lysates pr^ared from ^^S racdiionine/cysiefne-labelcd cells, only two bands around 64 
. and 6S kDa selectively associate widi both phosphorylatcd NKG2 A and C-tcnninal WxYxxL 
stretches, as compared to nonphosphorylated ones (Fig. 15B). The 64 and 68 kDa proteins which 
biiul to phosphorylatcd NKG2A pepti(fe$ correspond to SHP-1 and SHP-l apparent molecular 
weij^ respectively, suppotring the immunoblotting results. Therefore, our results defirie die two 

30 NKG2A IWxYxxL stretdics as ITIMs which appear to function similarly to other ITIMs present 
in inhibitory receptors for MHC class I molecules, i.s. KIRs and Ly-49 molecules. Using 
recombinant soluble tandem SH2 donruuns of SHP-l and SHP-2/ we confirmed by surface 
plasmon resonance that bodi NKG2A ITIM phosphopeptides directly associate with the SH2 
domains of SHP- 1 and SHP-2, but not with die SH2 donmin of SHIP (Fig. ^ 
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Results ore iUusmxed by figure 16 showing die BIAcore analysis of NKG2A ITIM 
wtdi the SH2 domains of SHP-l. SHP-2 and SHIP phosphanscs. In figure 16, the binding of 100 
nM soluble recombinant GST-SHP-l.SH2(NO, GST-SHP-2.SH2fl^fK:) or GST-SH1P.SH2 to 
immobilized NKG2-A/B pfaosphorylated ITIM pepbdes (25 RU) was monitored by real'tiine 
5 analysis using sur&ce pbsmon resonance. Results ore expressed as corrected resonaxice units 
(CRU) conespoftding lo die ovv RU values ader subtraction of background RU value due Co the 
injccdon fnodmm 

We fiirther assessed tbas the imerocdons between NKG2A pfaosphorylated ITIM peptides and the 
1 0 phosphactse SH2 domains follow a first order reaction (L^ends cb the below Table 4). 



Table 4: Association and disspdatioa constants for the tnteraaioa of SHP•I^H2(^^»-C) and 
SHF-2^HZ(NH:) domains vtth phpsphorylated 
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The measurement of phosphoiyiaiai peptide binding to GST-SHP- I. SH2(N+C). and GST-SHP- 
2^H2(N+C) fusion proteins was performed at a constant 5 nl/min flow rate. In this 
representative cxpcnmcnt 25 RU of phosphoiyiated NKG2A 'N-tettn and NKG2A C-tcnn 
peptides were immobilized on soepavidin microchips. The negenciaiion was perfonned using 

20 HBS buffer supplemented widi 0.03% SDS. Resuka are expressed as conecied resonance units 
(CRU) corresponding to die raw RU values after subtracdon of background RU vaJue due to the 
injection medium, koff and kon were calculated from three independent measurements using the 
BlAevaluation 2.0 software. In addition, kon was calculated as die slope of the curve kj = ken x 
c - !<ofF, where koff is the off-^raic constant and c is the concentration of the soluble recombmani 

25 GST fusion proteins. By plotdng as a fimciion of c. a linear regression fit was obtained 
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(r2 > 0,93) for the binding of NK02A ITIM aiid C-term to SHP-I and SHP-2 tandem SH2 
domams. This linear rqpresentaiion allows to check on the validity of the single step inceracdon 
and to confirm the dctenninaitdn of the kon constant using non-linear axvalysis (BlAevaluatipn 
software). 

As a consequence, the Ko which chanictcnzc these associations were detennined, and were 
shown to vary between I and 5 nM (Table 4). Tlicsc data show that high affinity interactions 
exist benveen SHP-l or SHP-2 and both phosphorylatcd NKG2A ITIMs, 
We then analyzed the assodanon of NKG2A with SHP-I and SHP-2 in vivo. We used the 712 
anti-phosphoITIM antiserum co first probe Ae tyrosine phosphorylation of NKG2A. The 712 
antiserum is an anti-phosphocyrosine antiserum that seiectxveiy reacts with phosphorylatcd 
FTIMs. NKL cells and Ml 17-14 cells were stimulated or not by pervanadate, which iniices a 
general increase in the catalytic activity of protein tyrosine kinases. Aiiti-NKG2A 
immunoprecipitations prepared from pc^va^adaipe-^tiraulaIed ceils include a phosphoprotein, 
which inxgrates at ^ 43 kE>a under reducing conditions (Fig. 17). 

Results are illustrated by figure 17 showing the in vivo recruitment of SHP-l and SHP-2 by 
phosphorylatcd NKG2A. In figure 17, NKL cells (17A) and Ml 17-14 cells (17B) were 
stimulated or not usii^ pervanadate (NaV, 500 mM). Cell lysates were separated by S% SDS- 
PAGE under reducing conditions either directly (WCL; 2 x 10^/sample for NKJL and 2.5 x 
lO^/samplc for Ml 17^14) or after immunoprecipitation using indicated mAb {100 x 10^/sample 
for NKL and 120 x 10^/sampIe for Ml 17-14), transferred to nitrocellulose and iminunobiottcd 
using aiiti-SHP-1 mAb, anti-SHP-2 mAb as well as anri-SHIP and 712 anti-phospho-ITIM 
antiscia; 2199 mAb was used for the and-NKG2A immuiioprccipiiations whereas a mouse anti- 
Vp8.2 mAb (F23.2, IgGl) was used as a negative control mAb for immunopredpitations (C). 

Since the 43 kDa phosphoprotein is recognized by die 712 antiserum, and both tyrosine residues 
prescm in NKG2A intracytoplasmic domain are included in NKG2A ITTMs, dicse results 
indicate that ^fKG2A is tyrosine-phosphorytated on ITIMs upon pervanadate treaonent in both T 
and NK lymphocytes. Moreover, anti-NKG2A iranumopreapitates prepared fi-om pervanadate- 
stimulated NKL cells and M1I7-14 ceUs include SHP-l and SHP'-2 but not SHIP (Fig. 17), 
confirming the recruitment of SHP-l and SHP-2 protein tyrosine phosphatases by phosphorylatcd 
NKG2A ITIMs in vivo: Similarly, the recruitment of SHP-l and SHP-2 was observed when 
mAb-induced co-aggregation between CD 16 and CD94-NKG2A, or CD3/TCR and CD94. 
NKG2A, was performed on NKL and M II 7-14 cells ncspectiveiy. 
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DISCUSSION 

The negative regulation of lymphocyte activation is central to tfje homeostasis of the immune 
5 response and is also of primary interest to the rationak manipulation of the immune system. We 
show here that the lectin-^likc molecule NKG2A is a potent negative reguJator of T and NK 
lymphocyte activation programs (Fig. 12, 13 and 14),. raising several points relative to the 
function as. well as the mechanisms of action of the CD94-NKG2A heterodimcr . 
First, we show here the expression of the rahibitory receptor CD^4-NKG2A by two 

10 TCRap^CDS"^ CTL clones specific for n^lanoma antigens (Fig. 1 1). It is, to our knowledge, the 
first report on TCRojJ^ T cell clones of known specificity that express this receptor. Previous 
dan gtaad that Cp94 expression is highly restnctcd.to ^fK and T cell subsets, mostly TCRyS'^, 
which display aon MHC-resrricted cytorpxicity. The CD94^NKG2A'*^ T cell clones described 
here exhibited a classical AlHC-rcsiricted lysis and lacked NK-likc activity, as they were CD 16' 

15 and did not kill K562 cells. Recently a melanoma-specific CTL done was shown to express the 
p58.2 KIR which recognixes HLA-Cw3 and related haplotypcis such as HLa^CwT. Thi5 clone 
recognizes the FRAME antigen on aniDlogo::s nidanoma. but only HLA-Cw7 loss variants of 
these ceils were killed by this CTL, HLA^w7 thus appeared as an cndogoaous ligand for p58.2 
KIR on these cells, and triggering of p58.2 by this ligand inhibits tumor cell lysis. Among the 13 

20 melanoma specific CTL clones that we have tested none of them expressed die p58.2 molecule, 
nor any other p58, p70 or pl40 KIRs described so fixr. However, two of them expressed the 
CD94-NKG2A receptor at high density. Tnggering of diis receptor inhibited antigen- and anti- 
CD3 mAb-mduced activation of these clones, lowering both lytic and cytokine responses. 
Therefore, at least two classes of NK-like inhibitory receptors (NKRs). Ig-Jike and lecrin-like, 

25 may be expressed by melanoma-specific CTLs, and Ac expression of the Icctin-Iike CD94- 
NKG2A receptor appcare as a novel example of an inhibitory strategy which governs melanoma- 
specific CTL activation. It has been reported that the CD94'NKG2A heterodimer serves as a 
receptor for a broad range of HLA-class I molecules. The data reported here from antigen auto- 
presentation experiments indicate that TCRop"^ lymphocytes express bodi the CD94-NKG2A 

30 receptor and its NIHC class I ligand Expression of NKRs by melanoma-specific CTLs might be 
related to the conditions of T ceil stimulation inside these tumors. Supporting this hypothesis, IL- 
15 was shown to fevor the expression of the GD94-NKG2A by thymocyte precursor derived NK. 
cells and wc have recently detected IL45 mRNAs in most melanoma lines and melanoma tumors 
by RT-PCR. It .is thus possible that this cytokine is involved in the induction of NKRs by 
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meJanoma TILs. Altemaciveiy, the nature of meianpma-specific antigens might also be involved 
in the e?q>rcssion of NKR5 by T cells. In this regard and despite the existence of tnelanoRui* 
specific antigens, it is noteworthy that the antigens recognized by the p5$.2^ and by the CD94- 
^fKG2A^ mcfanoma-spccific CTL clones are autologaus antigens. Indeed, FRAME, Mclaa- 
5 A/MART«I and the tyrosinase antigens are expressed in melanoma cells, but also in nomial 
tissues. It has been observed diat only small fracnons of healthy donor PBL , tnosdy monoclonal 
or oligoclonal CDS"^ T cell expansions express NKRs, and that CD9^ T cell expansions are more 
frequent in auioinunune disease. It is thus possible chat C53"h'>fKR* lymphocytes, could be 
biased towards recpgnitbn of self Further investigations are needed for a bener understanding of 

10 the mechaiiism leading to NKR e;<cpressi6n on T cells and co the functional consequences of their 
inhibitory regulation of T cell function. Nevertheless, if a significant proportion of anti-turaor 
CTLs e?cpress NKRs, their inhibitory properties may contribute to die inefficient control of tumor 
growth by tumor-specific CTLs, as long as mmor cdls express the ligand. This also suggests that 
similariy to PflC cells some tumor specific CTLs could lyse only mmor cell variants having lost 

IS the CD94-NKG2A ligand, i.e. MHC class T molecules. Such clones could rcpresoxt as recently 

suggested, a new category of anti^tmnor CTLs situated betwedii IffiX' CTLs and NK ceils. 
Second, regarding to the mechanisms mvolvcd in the inhibicoiy function of die MKG2A molecule, 
our data demonstrate dial NKG2A carries two fimctioDal TTIMs which directly recruit in vivo, 
with a high affinity, die ptotem tyrosine phosphatases, SHP-l and SHP-2 (Fig; IS, 16, 17, Table 

20 4). CoDsistczxt with our data, ITIM-beani^ receptors have been shown to inhibit the signaling 
pathways initiated via die engagement of ITAM-bearing receptors, such as the CD3/TCR. and die 
CD 16 ccmplexcs. As for other ITIM-bcaring molecules, NKG2A is phosphorylatcd on die 
mosine residue present in ITIMs, and associates with die SH2 domains of die phosphatases. 
mM-bearing molecules can be divided into two groups of molecules depending on the nature of 

25 die phosphatase djat dicy recruit, i.e.: protein tyrosine phosphatases SHP-l or or die 

polyinosiiol phosphatase, SHIP (see the above examples). Only a sub-group of low aflSnity 
receptors for IgG e^cprcssing only one ITIM, FcyRIIB molecules, have been reported to 
associate with SHIP in vivo, Odier UIM-bearing molecules associate with SHP-l, and tnediate 
their inhibitoty function via die increased acdvity of die phosphatase. In particnlar, KIRs and 

30 CD22 express two or three UIMs respectively, and it is likely diat two phosphoiytoicd ITIMs 
expressed on the same molecoic, simultaneously interact with bodi SH2 domains of SHP-L This 
hypodicsis is supported by the crystallographic analysis of SHP^2 tandem SH2 dOTUiins. as SHP- 
2 is related to SHP-L In addition, SHP-2 catalytic acdvity is increased as a consequence of die 
simultaneous binding of phpsphotyrosinc-containing amino-acid stretches to its N- and C- 

35 terminal SH2 domains. NKG2A molecules carry two ITIMs separated by 3 1 amino-acids 
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(cj rosioc 8 and tyrosine 40) sunilaiiy lo KIRs N-and C-«cnninal ITIMs which arc distant of 30 
amifto-acids. tliereforc. the high affinity of eadi NKG2A phosphoFTIM interaction with the 
isolated SH2 domains (I to 5 nM, Table 4) could even be enhanced by the shnultaneous binding 
of both NKG2A ITIMs to the tandem SH2 domains of SHP-L SHP-I has been shown to 
5 dcphosphorylalc phosphotyrosine proteins involved in CD3/TCR- and in CD 1 6-coupIed signaling 
pathways, i,e. pp36'38, CD3(^ as weH as the p72Syk and 2AP-70 tandem SH2 protein tyrosine 
kinases. The binding of NKG2.\ to SHP-1 is thus hkdy to result in an increase in SHP-i 
phosphatase activity, as for KIRs and CD22. Aldiougb SHP'2 is involved in the positive 
regulation of a number of pathways, die rccruioncnc of SHP^2 by NKG2A mighc simxiarly 

10 contribute to the dcphosphorylation of a set of pbosphoprotcins belonging to rTAM-dependent 
cascades. This hypothesis is supported by the association between CTLA-4 and SHPr2, whidi 
appears to be involved in the inhibitory fiinction mediated by CTLA-4 Our data thus strongly 
suggest chat NKG2A utilizes a protein tyrosine phbspbatasc-based mechanism of jjihibiiion, 
which is common to other mM-bcaring receptors, except for FcyRIIB. 

15 Third, the inhibition of T cell cytotoxicity via the CD94-NKG2A heterodimcr is only partial and 
appears to be overcome when T ceil are stimulated by supra-optimal concentrations of cither ami- 
CD3e mAb or cognate peptides (Fig. 12B and 14). A similar failure of ITIM-bcaring receptors lo 
inhibit a supra-optimal cell activation has been reported for other ITIM^earing molecules such 
as KIRs and Fq^RIIB. These observations are consistent with the requirement of a co-aggregation 

20 between FTAM- and ITIM-bearing receptors for the inhibitory fimction mediated by ITIM- 
bearing receptors. This general property of ITEM-bearing receptors ensures their selecdvity of 
inhibition, which only occurs for the activatory receptors that are co-aggregated with the 
inhibitory ones. As a result, activatory receptors which arc not co-aggregated with ITIM-bcahng 
receptors are not inhibited. These stimulanon conditions may be mimicked when supra-optimal 

25 concentrations of anti-CD38 mAb or cognate peptides are used to stimulate Mil 7-1 4 CTL cells. 
The low density of CD16 receptors expressed at the surface of NKL cells, as compared to the 
high level of expression of the TCR on Ml 17-14 cells, likely accounts for the absence of feilurc 
of the CD94.NKG2A hetcrodimer to inhibit anti-CD l6-induced NKL cell cytotoxicity. In any 
evcm; these results indicate that engagement of the CD94-NKG2A receptor on T cells markedly 

30 down-regulates the activatory signals delivered via the TCR by mcrcasing its threshold sensitivity 
to die cognate antigen concentration. 
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Example 4 : Transgenic mice expressing a human KIR 

Transgenic laice weie generated using the cDNfti encoding for 
p58.2 (ci. 6), inserted in the Hindlll version of the pHSE3' 
5 transgenic vector under the control of the H-2K^ promoter, 
^lenocytes and peripheral blood Ivmphocytes isolated frpia 
p58.2 transgenic animals were . analyzed by 
immunofluorescence and flow cytometry, 

10 The data reveal that the human p5 8-2 molecule is expressed 
at the cell surface of both mouse T and NK cells. The pS8.2 
Ig-like KIR recognizes the HLA-Cw3, Therefore, the cell 
surface expression of KLA^CwS confers the protection of 
target cells against NK-cell ' mediated natural 

15 cytotoxicity. Using the murine mastocytoma cells P815 
trans fected- (P815-Cw3) or not with the HLA-Cw3 cDblA,. it has 
been observed that NK cells isolated from ?58.2 transgenic 
mice can induce the lysis of. parental P815 cells but are. 
inefficient in inducing the lysis of P8l5-Cw3 cells, 

20 

These data show for the first time the functional 
recons titution of a human Ig-like KIK in the mouse model. 

MA.TERIAL AND METHODS 

25 

Generation of CDlSSb Transgenic Mice . The CD 15 8b cDNPw 
(p58.2 cl. 6.11) was subcloned in the MHC class I 
promote r/immunoglobulin enhancer expression ' cassette 
PHSE3' -.y-inDiII and injected into fertilized C57aL/6 ( K) 

30 X ca/J (K-2'''^^)Tz eggs. Transgenic founder mice and 

their transgenic progenies were identified by PGR with 
primiers specific for CD158b cDNA and by immunofluorescence 
analysis of peripheral blood lymphocytes (PBL) using 
biotinylated GL183 mAb (anti-CD158b) followed by 

35 phycoerythrin-conjugated . s treptavicin. Transgenic lines 
were established and maintained by crossing of founders 
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with BS mice. C57 EL/S-HLA^CwS (H^2**-^'') transgenic mice were 
obtained through standard procedure (Dill et al. 1998, 
Proc, NatL. Acad. Sci. USA. 85, 5664-5668). All the nvice 
used in this study were between 6 and 24 weeks old and were 
5 maintained at- the Animal Facility of the " Centre 
d' Immunologie de Marseille-Luminy. 

Immuno f luo rescence Analysis . ^leen cells and PHL were 
stained as previously described and analyzed on a FACSan 

10 apparatus (Bfecton Dickinson). The mAbs used in these 
> experiments have been previously described: fluorescein 
isothiocyanate (FITC) -conjugated anti-CD3s (Pharmingen) / 
F4/326 (anti-HLA-C) , biotinylated GLia3 (antx-CDl5 8b) , as 
well as biotinylated anti-human CP2 . and FITC-corijugated 

15 anti -human CD3, both used as negative controls {Iinmunotech, 
Marseille. France). 11.4.1 (anti-H-K2'') and 20.8.4 (anti-H^ 
21^) mAbs were used for the determination of the H-2 
haplotype. Indirect immunofluorescence staining was carried 
out with FITC- or phycoerythrin^conjugated secondary 

20 antibodies of the ' appropriate species and isotype 
. specificity, purchased from Southern Biotechnology 
Associates; tricolor (TO -conjugated streptavidin was 
purchased from Caltag (South San Francisco, GV) and 
phycoerythrin-conjugated streptavidin from Immuno tech* 

25 

Cytolytic Ass ay > To increase the number of splenic NK 
ceils, mice were injected i.p« with 200 ]xg of. poly(I:C) 
(Pharmacia) 24. hr prior to sacrifice. Spleens were then 
harvested and single cell suspensions were prepared in BPMI 

30 1640 medium containing 10% fetal calf serum. Erythrocytes, 
were depleted by osmotic lysis and macrophages were removed 
by 1 hr adherence step on 6-well plates at a concentration 
of 5 X 106 cells/ml. These freshly isolated nonadherent 
splenocytes were used as effector cells in a 4-hr ^^Cr 

3S Release assay. The NK sensitive YAC-1 cell line, the murine 
mastocytoms cells line P815 (parental (221) as well as 
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trans fected with the HLA-Cw3 allele)/ and the human cell 
line LCL 721,221 (parental (221) as well as transfected 
with the HLA-CW3 (221-Cw3) or HLA-Cw4 (221-Cw4) alleles], 
were used as target cells. In these assays, 5 X 10^ *^Cr- 
labeled target cells were added to effector cells at 
various at various effector: target ratios in V-bottom 96- 
well plates (final volume 200 ^l ) , After 4 hr at 37*"^ 100 
ui of supernatant was collected from each well and counted 
in a Y^counter for the detenaination of *^Cr release and 
percentage specific lysis. 

Ebne Marrow Grafts , Becipient HLA^Cw3 (H-2*''*') transgenic, 
HLA-CW3 ;(H-2*'''*^) transgenic, and 001531? X .HLA-Cw3 {H-2'''*') 
transgenic nil ce were irradiated (950 rads from a /"^^Cs 
source) and inoculated intravenously with 5 X 10^ T~ 
depleted bone ^ marrow cells from B KLA-Cw3 (H-2**'^**) 
transgenic mice. Five days later, recipient mice were 
injected i.p. with 3 \xC. 5-(^-^r] iodp-2' -deoxyuridine 
(^"idUdr, Amersham), Animals were killed 24 hr later and 
incorporated radioactivity in the spleen was measured in a 

y councer. - 

RESULTS 

Pe.cons titution of in vitro KIR inhibitory function in NK 
and T lymphocytes expressing the CD158b transgene. 

Four founder mice carrying the CD15 8b transgene (Tg CD158b) 
were generated using a MHC class I promoter/immunoglobulin 
ehancer expression cassette (Fig. 8.) Figure 8 shows a 
schematic representation of the CD 15 8b transgenic vector, 
(the restriction sites marked with an asterisk were 
destroyed during plasraid construction). Analyses were 
performed on three independent transgenic lines (L26, L47 
and LSI) established following stable transmission of the 
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CP15 8b trans gene. In particular^ the CD15 8b trans gene was 
expressed on 85 + 8% (mean + SEM/ n = 8) of pa isolated 
from the Tg CD158b L61 mice, as determined by flow 
cytometry. The vast majority of T cells (95 + 4% of CD3e + 
cells, n = S) and NK cells (73 + 4% of CD3t\ sig% cells, n 
- 3) expressed the CDl58b trans gene as shown fpr a 
representative Tg CDlSQb L61 mouse in Fig, 6. 

Figure 6 illustrates the cell surface expression of the 
CPlSSb trans gene- PBL isolated from mice representative of 
the indi cat eel mouse lines wei:e examined by flow cytometry 
for the cell surface expression of CDi58b, CD3e, surface 
immunoglobulin (sig) / and HLA-CwS; non transgenic, non-Tg; 
HLA--CW3 transgenic, Tg HLA-Cw3; GDIS 8b transgenic, Tg 
CD153b (L61); HLA-G/S and CD15 8b transgenic r Tg CDlSSb X 
HLA-Gw3i Colis were stained with FITC-goat anti -mouse IgO 
after saturation of free binding sites with mouse Ig, FITC 
anti-CD3s and biotinylated GLISS (anti --GDIS 8b) mAbs were 
added. BLptinylated GL183 was revealed using TC 
streptavidin. For HIA-Cw3 expression cells were incubated 
with F4/326 mAb (anti-HLA-C) followed by a FITC-goat. anti- 
mouse IgC Percentage of positive stained cells in each, 
circle is indicated (Middle and Bottom)' Percentage and 
means of fluorescence intensity of CD15 8* and HLA-Cw3'" 
cells are indicated/ 

Similar results were obtained with splenocytes isolated 
from Tg CDlSSb L61 transgenic mice as compared with PEL. Of 
note/ we also detected human KIR on the surface of mouse B 
ceils. This result indicates taht the cell surface 
expression of KIR does not require any T/NK-specific 
molecular environment/ as previously demonstrated in COS 
fibroblasts as well as in the RBu-2H3 mast cell line. 
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Splenpcytes isolated from nont ransgenic and CD158b 
transgenic mice were then analyzed for their ability to 
induce lysis of biaiaan HIA class I negative (221) and murine 
(P81S) tumor cell lines trans fected or not with HLA'-Cw3- 
Results are reported on Figure 9. Figure 9 shows the in 
v-icro cytotoxicity of splenic MK cells isolated from 
GD158b transgenic mice. Freshly isolated nonadherent- 
splenocytes from GDlSSb transgenic (Tg CDl58b) mice {L47 
and L26 mouse lines) aiid nont ransgenic littemate (nGn Tg) 
were tested for their ability to kill the indicated target 
cell lines in a standard 4 -hr cytotoxicity assay. The 
following mice were used in this representative experiment: 
L47,;-21 (H-2^'^), L26, 4 (K-2^'^) , and L2S, 5 (H-'^'^) . 

Splenocytes isolated from ths CDlSab Tg mice were unable to 
induce an efficient lysis of both 221-Cw3 and P815-0/3 
cells, 0/ contrast/ HLA2^Cw3V target cells were not 
protected from: lysis exerted by splenocytes isolated from 
the nontransgenic mice, Cf note, splenocytes that express 
or not the CDlS8b trans gene were able to induce lysis of 
221, 221-CW4, and P815 cell Unes (Fig. 9 Top and Middle). 
Thus, the expression of f{LA-Cw3 at the surface of target 
cell line selectively inhibits the natural cytotoxicity of 
splenocytes that express the CDl58b transgene. Cross- 
linking of CD158b using anti-CDl58b mAb mimicked the effect 
of HLA-Cw3 (Fig. 9 Bottom), and consistent with 
observations performed in human NK clones, KIR engagement 
is always more efficient with anti--KI R loAb than with the 
cognate MHC class I molecule. 

The function of the transgenic CP 15 8b molecule expressed at 
the surface of mouse T cells was then analyzed- 
Results are reported on Figure 7. Figure 7 shows the in 
vivo cytotoxicity of splenic T cells isolated from CDl58b 
transgenic mice. Freshly isolated nonadherent splenpcytes 
from CD 15 8b transgenic mice (Tg CD 15 8b, L26 mouse line) and 
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nontransgenic iittennates (non Tg) were tested in a 
redirected killing assay against P815 target cells at an 
effector; target ratio of 100: 1, Anti-CD3 inAb-induced 
cytotoxicity was inhibited in Tg CDi5 8b T cells upon CD158b 
5 engagement by HLA-CwS expressed on target cells (Fig, ^A) . 
or by anti.~CD158b mAb (Fig.TB). Neither HLA-Cw3 expression 
(Fig. 7A) not anti-CD158b mAb (Fig.TB) could induce 
inhibition of anti-CD3 redirected target cell lysis by non- 
Tg T cells. The following mice . were used in this 
10 representative experiment: L26. 4 and L26-5 (H-''^^). 

The CD3/T ceil receptor complex was engaged using anti-CD3e 
mAb in a redirected killing assay toward P815 cells. The 
engagement of GDIS 8b by HLA-Cw3 (Fig. 7A) or by anti-CD158b 

15 . mAb .(Fig. 7 3 inhibited the anti-'CD3-iiiediated redirected- 
killing of P815 by T cells from (n:)15 8b transgenic animals. 
The cell surface expression of HLA-Cw3 did not protect P815. 
cells from lysis by T cells isolated from nontransgenic 
littermates. Therefore, the transgenic expression of CD15 8b 

20 reconstitutes its inhibitory function on both T and NK cell 
activation programs in in vitro cytotoxicity assays, 

CD153b expression is not infineaced by the expression of 
its HLA-a^3 ligand in vivo. 

25 In an attempt to document the influence of the cognate MHC 
class .1 molecules on the cell surface expression of their 
KIR ligand^ CD15 8b transgenic mince were crossed to mice 
transgenic for the (HDlSSb ligand, HLA-Cw3- As shown in Fig. 
6, no difference could be detected as to percentage of 

30 CD158b' NK (CDS', slg" cells ) and CD158bV T/ B cells (CD3 
slg") between the CD158b single transgenic and the CDlS8b X 
HLA-^CwS double transgenic mice. In addition, no modulation 
of GDIS 8b cell surface expression could be observed either, 
as assessed by the mean fluorescence intensity of 

35 CD15 3b: CD15 8b mean fluorescence intensity was 84 + 10 and 
73r8inPa. isolated from CD15 8b transgenic and 0)15 8b X 
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HLAr0^3 double transgenic mice/ respectively (P > 0. 6) ^ 
Slztalarly, the cell surface expression of HLA-CW3 was. 
unchanged between the single HLA-Cw3 transgenic mice when 
coMared with the double CD158b X HLA-CwB transgenic mice 
(Fig, 6). Thus, in our experimental model/ we canot detect 
any adaptation of KIR cell surface expression to that their 
KLA Class I ligands. 

Prevention, of HLA^CwS", H-2 mismatched bone marrow graft 
rejection in CDlSSb transgenic mice- 
It has been previously demonstrated that NK, c.ells from an 
irradiated hybrid host mediate the rejection of 

inismatched 3-2''"' or parental bone marrow grafts- The 

role of the CDlSSb KIR trans gene was then tested in vivo, 
for its ability to modulate the rejection of bone marrow 
graft in a similar hybrid resistance assay. Bone marrow 
grafts were prepared from HLA-^CatB transgenic mice of 
haplotype. Syngenic ELA-Cw3 transgenic mice, 

HLA-CW3 transgenic mice, and ^1-2*^^^ CDi58b- X HLA-Cw3 
transgenic mice were used as hosts following lethal 
irradiation. The syngenic H^2^''^ HLA-Cw3 graft was 
successful, whereas the HLA"-Cw3 . transgenic mice 

rejected K-2^^*' bone marrow grafts. 

Results are reported on Figure 10 which illustrates that 
CDlSSb transgenic mice are tolerant to graft of allogeneic 
bone marrow cells that express HLA-Cw3- Incorporation of 
^'^IdUdr in donor marrow-derived ceils in the spleen of 
irradiated recipients 6 days after bone marrow graft was 
used as an assay to determine the extent of donor cell 
proliferation/ Results are expressed as mean cpm ^ SEM of 
incorporated ^'^IdUdr obtained from three independent 
grafts- 

This result confirms the H-2''^'' hybrid resistance to H-2^^'' 
parental grafts as a consequence of the lack of expression 
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of inhibitory receptors for H^-Z^ (potentially Ly-49C) on NK 
cell subsets from the E-Z^^*^ HLA-Cw3 transgenic mice. Ey 
contrast/ bone marrow grafts were not rejected in H- 

2^^^ CD158b X HLA-Cw3 transgenic mice despite the mismatch 
at the H-2 locus.. Therefore, the engagement of the 
transgenic CD15 8b KIR in hybrid host cells overcomes the 
lack of expression of endogenous Klfe^ which recognize 
molecules- Moreover, these results demonstrate that the 
inhibitory signals generated upon engagement of CD158b with 
its HLA-Cw3 ligand override the signals initiated by the 
endogenous mouss activatoiy receptors expressed on NK 
ceils / similar to CDl5 8b dominant inhibition of endogenous 
activatory receptors. Since it has been shown that human 
Klfe inhibitory function depends upon the recruitment of 
protein tyrosine phosphatases (i.e.. SKP-1) by their 
intracytoplasmic immuno receptor tyrosine -based inhibition 
motifs, our results are in agreement with data indicating 
that both human and mouse NK cell activate ry receptors use 
a comnion protein tyrosine kinase^dependent signaling 
pathway- 

DISCUSSION 

The identification of Kllfe revealed a novel strategy for T 
and NK/ cell control that is based on the ' promiscuous 
recognition of MHC class I molecules on antigen-presenting 
cells and target cells. Huaian Kite belong to two unrelated 
familes of molecules, IgSF (CD158b, p70, P140) or dimeric 
C-cype lectins (CD94-NKG2A/ 9 , whereas only dimeric e-type 
lectins Kite (Ly^49) have been described in the mouse. In 
vitro experiments using anti-KIR mAbs as well as KIR gene 
trans fection have shown that engagement of human IgSF KlBs 
with their MHC class I ligands inhibit both T and NK cell 
activation programs (see the heirein above examples). In 
vivo experiments in unmanipulated as well as transgenic 
mice have shown that the absence of mouse lectin KIR5 is 
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cesponsible for the Fi rejection of MHC class I mismatch 
parental bone marrow graft/ B/ contrast/ no data are 
availably relative to the role of human IgSF Kite in vivo, 
our data demonstrate that CDl58b is sufficent to confer 
specificity to NK cells in vitro (Figs. 9 and 7) and in 
vivo (Fig. IC). The generation of human IgSF KIR transgenic 
mice reported here also provides several answers to central 
issues on the function and the selection of human Klfe. 

First/ these results represent the first sxperimentals in 
vivo evidence that human IgSF Klfe control the host 
tolerance to MKC mismatch bone marrow grafts. In the hybrid 
'resistance experimental system that we used^ only NK cells 
from, the hybrid F, are responsible for the rejection of 
parental bone marrow grafts (Fig. .10). the inhibition of- 
an ti-CD3 -induced t cell cytotoxicity by KIR engagement 
(Fig. 7) enlarges the spectrum of KIR inhibitory function/ 
and reveals that .both T and NK cells from the CD 15 8b 
transgenic mice are unresponsive to- any activatory stimuli - 
when HiA-Cw3 interacts with CD158b. Therefore^ our results 
provide an explanation for the. necessity of selecting for a' 
KIR expression confined to NK and T ceil subsets. Indeed, 
the expression of KIR reacting with self -MHC on all T calls 
would prevent their response to antigen, Moreower, the 
distribution of Kite on all NK cells rather that on NK cell 
subsets, as it naturally occurs, would render these cells 
insensitive to changes in the expression of only one MHC 
class I allele, which is a frequent alteration of MHC class 
I expression observed in vivo upon viral infection or 
malignant transformation- 
Second, it is of note that in the double GDIS 3b X HLA-Cw3 
transgenic mice we cannot detect any adaptation of KIR cell 
surface expression to its MHC class I ligand (Fig. 6). This 
results is consistent with the lack of correlation between 
the level of expression of p70/NKHL as well as the 
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frequency of p70/NKBr* cells, and the expression of 
cognate MRC class I molecuies (i.e., HLA-Bv4). In the 
mouse, a model of. "receptor calibration" has been proposed 
based on the observation Chat the level of Ly-49 expression 
5 is dovm^ regulated in the H^2 background corresponding to 
its ligand te.g. , H2^D^ for Ly-49A). This adaptation of 
mouse KIR to their H-2 ligands selects for a low lewel of 
KIR cell surface expression and allows NK cells to detect 
subtle alteration of seif-MHC class I expression, we can 

10 rule out the possibility that the use of an exogenous 
promoter for the generation of the CD15 9b transgenic mice 
raight have influenced our observation, since a down- 
re'^ulation of a Ly-49A 'transgene driven by the s^me 
promoter was detected in mice. Therefore, the absence 

15 of adaptation of CDl58b KIR cell surface expression to HLA^ 
Cw3 in the double CD158b X HLA-Cw3 transgenic mice would 
rather suggest that distinct strategies of 
selection/calibration are used by human IgS? Kite and mouse 
lectin-like Klffe. In this regard, our results also indicate 

20 that the interaction between IgSF KIFs and their cognate 
MHC class I ligands experts no rale in the proliferation 
and differentiation of NK and T lymphocytes that express 
KlJfe in contrast to the inhibition of their cytotoxic 
programs. It is therefore possible that Kite are unable to 

25 inhibit cytokine-induced lymphocyte proliferation once it 
is initiated, but rather selectively impair the signaling 
cascades that drive the cell cycle from: Go to Gi, such as 
antigen-induced T cell activation- We have described in the 
above examples, that the coligatioh between Kllfe and 

30 various activatory receptors is mandatory to KIR inhibitory 
function. Consistent with this observation/ two factors are 
likely to deteir^iine . the- efficiency of KIR inhibitory 
function; (i) the intensity of the activatory signals and 
(ii) the ratio between the number of KlfB and the number of 

35 activatory receptors coexprsssed on the same cell. The 
transgenic expression of KIR is up- regulated in peripheral 
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T cells as compared with intmature thymoGytes and raiiaics the 
up- regulation of human igSF KIRs during their progressions 
from thymocytes to naive andiaempry T ceils. The low 
expression of Kite at early phases of T and NK cell 
5 development could thus account for their inability to 
inhibit T and NK cell differentiation. It remains also to 
be elucidated whether Klife are coupled to an. inhibitory 
signaling pathway (i.e., protein tyrosine phosphatases) 
only at a later stage of their differentiation programs 
10 and/or whether the signaling pathways that are coupled to 
the cytokine receptors involved in thymocytes/? cell and ^ 
cell dif ferentitation/proliferaUon are refractory to KIR 
inhibition- 
is Finally^ it has been recently described that in patients 
receiving a haplo-identical bone ' marrow graft,, a large 
fraction of the reconstituted T cell population expresses 
IgSF :<IRs at their surface. Expression of KIEfe may thus 
prevent the development of an immune response mounted 
10 against the cells of the host. Taken- together with the 
acceptance of HLA^-CWS'' H~2 mismatched bone marrow grafts by 
CDl58b transgenic mice reported here, these results 
emphasize the implications of documenting and acting on KIR 
expression in the development of novel strategies of 
25 cellular therapy. 

Example 5 : Preparation of a bispecific diantibpdy . capable 
of cross-linking a KIR with a £?timulatory receptor in the 
Intracytoplasmic domain 

30 

It has been shown (see example 3, antiserum 712) that 
rabbits can be iramxanized using synthetic p58,2 ITIM 
peptides. In these experiments, the ITIM peptides were 
coupled to ovalbumin. This data thus demonstrates that one 
35 can obtain specific anti-ITIM antibodies. 
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Using a similar immunization strategy^ monoclonal 
antibodies directed against the intracytopiasmic domain of 
several ITIM-faearing molecules , including phosphory la ted 
and non-phosphorylated KIR ITIMs can be generated- 

5 

Similarly, antibodies can be generated against the 
intracytoplasndc domains of ITAM-poiypeptides included in 
the CD3/TCR< FccRI as well as Fcyl I lA receptor complexes. 

10 In parallel, soluble fusion protein corresponding to the. 
extracytoplasiniG domain of Kllfe can swerve as immunogens to 
generate antibociies. 

pi antibodies can therefore be generated from the above- 
15 mentioned antibodies, by standard procedure. 

As an example of bispecific antibodies, mAbs directed 
agaiast the ectodomain of p58.2 KIR (the inhibitory 
receptor for HLA-Cv3) can be chemically coupled to mAbs 

20 directed towards the ectodomain of CD3e- In these 
experiments, purified anti-p5 8.2 mAbs (GL183, mouse IgGl) 
and anti'-CDSe mAbs (mouse IgG) are obtained from Immunotech 
(Marseille/ France). To GL183 mAbs (2-5 mg/ml in H3S) or ■ 
their F(ab')2 fragments (obtained by pepsine digestion by 

25 standard procedure is added a 10-fold molar excess of EMCS 
(^f-hydroxysuccinimidyl-6-maleimidocaproate/ Flulca, Hichs, 
Sv^itzerland; lOmg/ml in methanol). The mixture is incubated 
for 1 hour at room temperature. Excess UiCS is removed by 
gel filtration on a PD-10 column (Pharmacia, Bois d' Arcy, . 

30 France) presaturated with bovine serum albumine ( BSA) and 
equilibrated in H3S-5 mM ZDTA, ?H 7.2. 

Anti-CD3 F(ab')2 fragments are reduced with cysteamine (10 
1 hour, 37^C) and mixed to EMCS-derivatized .GL183 
F(abMi' fragments in a 1,5:1 molar ratio and allowed to 
35 react at room temperature for 24 hours- DSC (dual 
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specificity conjugates) were separated from unreacted 
fragments by gel filtration on a TSK cpluian (Pharmacia) in 
PBS-0,02% NaNj. Fractions corresponding to an apparent 
molecular weight of ISOOOO [F{abV) —Fab' DSC] or IDOOOO 
5 (Fab' -Fab' DSC] are collected, pooled/ filtered through 0.22 
\m filters (Artdcpn, Paris, France) and stored at 4*^ 
Control DSG3 can be prepared as described above by coupling 
an anti-CD56 loAb (Immunotech) and GL133 mAbs. 
Separated products are identified by SDS-PAGE on an 

10 automated apparatus (Pha5 1 System) , using 8-25% gradient 
PhastGels and cpomassie blue staining (Pharmacia). All 
protein solutions are concentrated by positive pressure 
ultracentrifugation using PM-10 membranes (Amicpn). Protein 
concentrations for IgC^ fragmentSv Wd DSC are determined 

15 by aibsorbance at 280 nM (assuming 1.0 mg/ml ^ 1.4 
absorbance units) r 

The pS8.2-CD3 DSCs induce the co-aggregation between p58. ? 
Kia and the CD3/TCR complexes expressed on subpopulation of 
5 8.2* T cells in a dose-dependent manner. Incubation of 
20 sorted p58-2" T cells with saturating concentrations of 
pS8.2-CD3 DSC (50 ug/ml) for 40 minutes at 4^C prevents 
anti-CP3-driven T cell activation induced by non competing 
anti-CDS mAbs. 

ased on this protocol, DSC:i3 made of a variety of mAbs 
25 directed towards ITAM- and ITIM-bearing receptors 
coexpressed at the surface of the same cells can be 
prepared (e.g. GDIS and KI& on NK cells, BCR and FcyBUHL 
on B cells, FcsRI and FcyRII BL on mast cells and 
basophils), and will inhibit in vivo and in vitro cell 
30 activation induced by the engagement of the ITAM-bearing 
receptors. The mechanisms of action DSCs are based on the 
signaling disruption exerted by ITIM-bearing receptors on 
ITAM^-bearihg receptors to which they are co- aggregated. 
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A screening oh the serotonin release of RHi-2H3 cell 
trans fectants allows the selection of the most efficient 
compounds (diantibody, peptide, glycoprotein/ 

carbohydrate). 



